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Buenos Aires, August 9 to 15, 1959. 


The official program of the XXI International Congress of Physiological 
Sciences includes 12 symposia (three lectures each), 16 special lectures and 102 
sessions in which 918 communications will be reported (all communications 
received beyond this number whill be read by title). 


AUGUST 1959 


Sunday 9 (10 A.M.) OPENING MEETING 

Communications Special Lectures Symposia 
Monday 10 9 to 11.15 A.M. 11.45 to 12.35 A.M. 3 to 5.30 P.M. 
Tuesday 11 9 to 11.15 A.M. 11.45 to 12.35 A.M. 3 to 5.30 P.M. 
Wednesday 12 9 to 11.15 A.M. 11.45 to 12.35 A.M. free 
Thursday 13 9 to 11.15 A.M. 11.45 to 12.35 A.M. 3 to 5.30 P.M. 
Friday 14 9 to 11.15 A.M. 11.45 to 12.35 A.M. 3 to 5.30 P.M. 
Saturday 15 9 to 11.15 A.M. 11.40 A.M. CLOSING MEETING 


Communications: 17 simultaneous meetings with 9 communications each, per day: 153 com- 
munications per day = 918 communications. (10 minutes for each exposition and 5 
additional minutes for discussion.) 

Summaries: 300 words. 

Special Lectures: 3 or 4 simultaneous sessions per day: 5 days = 16 Special Lectures. 
(30 minutes for each exposition and 20 additional minutes for discussion.) 
Summaries: 3.500 words. 

Symposia: 3 simultaneous symposia per day: one chairman and three lectures for each 
symposium = 36 lectures. (30 minutes for each exposition and 20 additional minutes 
for discussion.) 

Summaries: 3.500 words. 

Simultaneous translations will be provided for Special Lectures and Symposia. Lectures 
delivered in English will be translated into Spanish and viceversa. Lectures delivered in French 
will be translated into English. 


ALL SUMMARIES MUST REACH THE SECRETARY OFFICE 
BEFORE FEBRUARY Ist, 1959 


Subjects of the Communications 


Papers on Physiology and Pharmacology will be delivered at the Congress 
sessions on subjets dealing with: general physiology, general pharmacology, 
cellular physiology and pharmacology, blood and body fluids, circulation, respi- 
ration, digestion, absorption and excretion, kidney function, sweat secretion, per- 
meability, ionic transport, electrophysiology nutrition, metabolism, carbohydrate, 
protein, fat and sterols metabolism, water and electrolytes metabolism, vita- 
mins, animal heat and thermoregulation (hypothermia, hyperthermia), internal 


secretions, reproduction, applied physiology and pharmacology, organs of move- 
ment, muscle and exercise, nervous system, peripheral, central, autonomic, synap- 
tic transmission, neurochemistry, neuropharmacology, sense organs, and others. 


Monday, August 10th, 1959 
(11.45 to 12.35 A.M.) 
SPECIAL LECTURES 
Room 1 Chairman: R. Courrier 


A. Jost: “Le role des hormones foetales dans le métabolisme du foetus” 
Room 2 Chairman: C. F. Schmidt 

A. Hurtapo: “La funcidn respiratoria en la altura”. 
Room 3 Chairman: J. C. Eccles 

E. pe Rosertis: “Histofisiologia de la sinapsis”’. 


(3 to 5.30 P.M.) 
SYMPOSTA 
Room | Function of the Pregnant Uterus 
Chairman: G. W. Corner 
R. CaLpeyro Barcia: “Contractilidad del utero gravido y factores que lo 
controlan”’. 
R. Courrier: “Endocrinologie de l’utérus gravide”. 
A. Csapo: “The molecular aspects of function and regulation in the pregnant 
and parturient myometrium”, 
Room 2 Mechanism of Adaptation to Hypoxia 
Chairman: A. Hurtado 
A. B. Otts: “Physiological adaptation to the chronic hypoxia associated with 
right to left shunts of the circulation. A comparison with the hypoxia 
of high altitudes”. 
N. Pace: “Adaptations of sojourners at high altitude”. 
B. REYNAFARJE: “Estudios de quimica tisular en la hipoxia”’. 
Room 3 Synaptic Transmission 
Chairman: Sir L. Brown 
S. V. AniTcHKOVv: “Pharmacology of the central cholinergic synapses”. 
S. W. Kurr_er: “Synaptic inhibition”. 
P. Waser: “Autoradiographic investigations on receptors of the endplate”. 


Tuesday, August llth, 1959 
(11.45 to 12.35 P.M.) 
SPECIAL LECTURES 

Room | Chairman: J. V. Luco 

M. R. Covian: “Efectos de la hemidecorticacién sobre las funciones vege 

tativas”’. 

Room 2 Chairman: S. W. Kuffler 

A. ROseENBLUETH: “El periodo refractario funcional de las fibras excitables”’. 
Room 3 Chairman: W. O. Fenn 

R. F. RusHMer: “Neural control of the heart in intact dogs”. 


(3 to 5.30 P.M.) 
OS LA 


Room 1 Central Inhibition 


Chairman: P. Kupalov 
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A. Fessarp: “Les processus de base de l’inhibition nerveuse centrale”. 
I. G. BerirorF: “On the origin of the central inhibition”. 
H. W. Macoun: “Central inhibition and the reticular system”. 
Room 2 Vasoactive Polypeptides 
Chairman: H. Croxatto 
L. T. Skeccs: “Hypertensin and allied substances”. 
M. Rocna Siva: “Bradykinin and allied substances”. 
H. B. vAN Dyke: “Vasopressin”. 
Room 3 Hypothermia 
Chairman: E. F. Adolph 
Cu. Kayser: “Hibernation et hypothermie artificielle”. 
P. F. SCHOLANDER: “Supercooling and freezing in poikilotherms”. 
A. U. SMtnt: “Survival of mammals at body temperatures above and below 
0°c”. 


Wednesday, August 12th, 1959 
(11.45 to 12.35 A.M.) 


SPECIAL LECTURES 


Room 1 Chairman: Z. M. Bacq 
R. GerRscHMAN: “Oxygen offects in biological systems”. 
Room 2 Chairman: D. Bennati 
P. RijLant: “Electrogenése globale du Coeur”. 
Room 3 Chairman: R. Granit 
T. Tomita: “Study on electrical activities in the retina with penetrating 
microelectrodes”. 
Room 4 Chairman: C. Bykov 
A. A. VoLocuorr: “Le développement des réflexes inconditionnel et condi- 
tionnel et leur interaction dans l’ontogenése”’. 


(3 to 5.30 P.M.) 
FREE 


Thursday, August 13th, 1959 
(11.45 to 12.35 A.M.) 


SPECIAL LECTURES 


Room 1 Chairman: A. Fessard 
B. K. ANAND: “Higher nervous control over food intake”. 
Room 2 Chairman: U. S. von Euler 
C. Cuacas: “Mecanismos fisiol6gicos na descarga de peixes eletricos”’. 
Room 3 Chairman: M. Rocha e Silva 
V. ErspArRMER: ““The biological significance of 5 HT in the living organism. 
Present status of the problem”. 


(3 to 5.30 P.M.) 
SYMP OSI.A 


Room 1 Patterns of Connection in the Spinal Cord 
Chairman: Ch. McC Brooks 
J. C. Eccies: “Monosynaptic excitatory patterns and the central connections 
of Group | afferent fibers from muscle”. 


R. Granir: “Circuit analysis of postural reflexes and the relative significance 
of alpha and gamma motoneurones”. 
A. LuNnpBERG: “Integrative significance of patterns of connections made by 
muscle afferents in the spinal cord”. 
Room 2 Radiation Protection and Recovery 
Chairman: A. Hollaender 
Z. M. Bacg: “Action of radioprotectors in mammals”. 
D. W. H. Barnes: “The treatment of lethally irradiated mice: The radiation 
chimaera”. 
Cu. C. Concpon: “Immunologic problems in tissue transplantation for reco- 
very from radiation injury”. 
Room 3 Adrenaline and Noradrenaline 
Chairman: Sir H. H. Dale 
H. Biascuko: “The origin and metabolism of adrenaline and noradrenaline” 
U. S. von Eucer: “The physiological role of adrenaline and noradrenaline”. 
J. Matmejac: “Nature et régulation de la sécrétion médullo-surrénale”. 


Friday, August 14th, 1959 
(11.45 to 12.35 A.M.) 
SPECIAL LECTURES 


Room 1 Chairman: C. Heymans 
D. Bovet: “Pharmacologie de la circulation cérébrale”. 
Room 2 Chairman: E. Lundsgaard 
E. F. Apo.pH: “Physiological regulation of body water content and its evo- 
lution”. 
Room 3 Chairman: A. von Muralt 


H. H. Weser: “Muscle physiology”. 


(3 to 5.30 P.M.) 
SYMPOSIA 


Room | Physiological Contributions from Studies on Central Acting Drugs 
Chairman: D. Bovet 
H. Gastaut: “Neuroleptiques”. 
M. Monnier: “Stimulants hallucinogénes et analeptiques du systeme nerveux 
central”. 
J. E. P. Toman: “Mechanisms of actions of convulsant and anticonvulsant 
drugs”. 
Room 2 Ionic Transmission Across Membranes 
Chairman: W. O. Fenn 
E. J. Conway: “The energetics of ion movements across membranes”. 
A. L. Hopexin: “Ionic movements during activity and recovery in excitable 
tissues’. 
H. H. Usine: “Active sodium transport and its relation to other physiolo- 
gical phenomena”, 
Room 3 Life in the Space 
Chairman: E. Braun-Menéndez 
A. Poxrowsky: “Etudes médico-biologiques de la vie dans l’espace, dans les 
fusées et les spoutniks artificiels de la terre, entreprises au courant 
de l'année internationale géophysique”. 
(United States scientists: name and title to be reported on later date.) 


STUDIES ON A VASODILATOR POLYPEPTIDE 
PRESENT IN PURIFIED HYPERTENSIN 
PREPARATIONS 


J. C. Fascro.o, K. A. HALvorsen, J. E. Iroiz 
WITH THE TECHNICAL ASSISTANCE OF STUDENTS: M. M. Puesta, A. BIn1A, 
E. ZANGHERI, F. E. ALONsO 


(Departamento de Fisiologia - Facultad de Ciencias Médicas 
Universidad Nacional de Cuyo - Mendoza) 


AND 
A. C. PALADINI 


(Instituto de Fisiclogia - Facultad de Ciencias Médicas 
Universidad de Buenos Aires - Buenos Aires) 


N THE COURSE of an experiment in which the hind leg of a dog was perfused 

with a modified Schuster-Dale pump, a purified hypertensin preparation 
was injected in the cannula leading to the femoral artery. Instead of the expec- 
ted vasoconstriction, it was observed that our hypertensin preparation was 
strongly vasodilator in the perfused circuit, while producing its usual pressor 
action when the main circuit was reached. We decided to investigate the cause 
of such anomalous finding. 


MATERIAL AND METHODS 


The hypertensin preparations were obtained as follows: a crude renin 
preparation (*), was incubated with ox globulin obtained by precipitation of 
the plasma with ammonium sulphate between 1.3 and 2.2 M. After an incuba- 
tion of 15 to 20 minutes at 37°C the mixture was precipitated with 3 volumes 
of alcohol, filtered and concentrated in vacuo, The concentrate was extracted 
with ethyl ether at pH 1.5 and the ether discarded. The aqueous layer was 
freed of ether by evaporation, saturated with sodium chloride and extracted 
several times with 2-butanol, The residue obtained by evaporating the butanol 
was submitted to countercurrent distribution in the system 2-butanol-0.1 N 
HCl (1/1). The contents of the tubes with peak activity were pooled, evapo- 
rated to dryness and the residue extracted with glacial acetic acid. Low tem- 
perature evaporation of the acetic acid gave the preparation of hypertensin 


The authors wish to express their appreciation to Dr. M. Rocha e Silva who supplied 
the bradykinin and to Drs. L. T. Skeggs and J. R. Kahn who made available their pure hyp- 
ertensins. 

This work was supported by a grant from E. R. Squibb and Sons Argentina S. A. 
Received for publication, May 30, 1958. 
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employed. Countercurrent distribution studies (1%), have demonstrated that 
these preparations are frankly heterogeneous. 

Mongrel dogs anesthetized with sodium nembutal (40 mg/kg) were employ- 
ed for the test. According to the circumstances one hind leg or a kidney were 
perfused, using heparin (10 mg/kg), as an anticoagulant. The technique of the 
perfusion has been already described (*). The general scheme was as follows: 


@ ELECTRONIC RELAY 
@ 2 MEQCURY CONTACT 
@ ADTIFICIAL AURICLE WITH CONSTANT LEVEL DEVICE 


@ + INTERRUPTOR 


@ 5 PUMD 


TO SCHUSTER DALE PUMD 


@-OINTRAAQT INJECTION 
@@ SAPHENOUS VEIN INJECTION 
@@PERFUSION PRESSURE 
@-4)D06 ARTERIAL PRESSURE 
ARTERY 
@ FEMORAL ARTERIES 


Fic. 1.—SCHEME OF A PERFUSION EXPERIMENT. The blood comes from the carotid 
artery, passes through the interruptor to the artificial auricle and the pump, which 
forces it into the femoral artery. The perfusion pressure and the arterial pressure are 
registered simultaneously. 


one of the carotid arteries was cannulated and connected by a rubber tube to 
a small reservoir (artificial auricle) leading to the pump (fig. 1). The level of 
the blood in the artificial auricle was kept constant by an electronic relay. 
The Schuster-Dale pump forced the blood into the artery and since its output 
was kept constant, any change in the perfusion pressure should be due to a 
corresponding change in the vascular resistance of the circuit supplied by the 
pump. The blood, pumped out of the perfused organ, drained by the venous 
system into the dog’s general circulation, and after being arterialized it flowed 
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into the arterial tree and then went back to the pump. In this way a vaso- 
active substance injected into the perfusing circuit, acts first on the perfused 
system and then on the general circulation, On the other hand, if the injection 
is given into a vein the vasomotor action is first seen in the general circuit 
and later in the perfused one. 

Rat blood pressure. White rats weighing about 300 gr., anesthetized with 
nembutal (5 mg/kg), were used. A small glass cannula was introduced into the 
carotid artery and connected by a polyethylene tubing to a small mercury’ 
manometer filled with a direct ink recording system, Heparin, (10 mg), was 
used as an anticoagulant. The injections were given by a polyethylene tubing 
introduced into the jugular vein. 


LEG PERFUSION PRESSURE] 
130. PURE HYPERTENS 


HYDERTENSIN 


ET AL. 
| PREP PCT . ARTERY 
malig 
{ MIN. 


{ 

H 

il 


ARTERIAL PRESSURE 


Fic. 2.—SIMULTANEOUS REGISTRATION OF LEG PERFUSION PRESSURE AND AR- 
TERIAL PRESSURE IN A DOG. 
1) Hypertensin preparation PCI injected in the perfusion stream, produces a depression 
of the perfusion pressure, followed by a rise in the arterial pressure when the subs- 
tance reaches the main circulation, 
2) PCI injected in the saphenous vein produces a small initial depression of the arterial 
pressure followed immediately by a steep rise. The perfusion pressure shows a delayed 
smooth rise. 
3) Pure hypertensin injected in the perfusion stream produces a rise without any de- 
pression in both circuits. 


RESULTS 


Vascular effects of hypertensin preparation PCI. When hypertensin pre- 
ration PC 1 was injected in the arterial circuit of a perfused leg or kidney, 
a fall in the perfusion pressure occurred showing that a vasodilatation was 
produced. This was also true with other hypertensins, prepared by the same 
method. Figure 2 shows the result of a typical experiment. 1.3 pressor units 
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of preparation PC 1 injected in the femoral artery of a perfused leg, produced 
a fall in the perfusion pressure. When the injected substance reaches the general 
circuit the arterial pressure rises (fig. 2, 1, below); that is to say that the 
same hypertensin preparation has a vasodilator effect on the perfused leg while 
producing a vasoconstriction on the main circuit. 

The same amount, 1.3 pressor units injected in the saphenous vein, caused 


KIDNEY 


AORTA 


mmHg 
LEG. RIGHT VENT. 


At. 


3.— Left: PRESSURES OF THE ARTERIAL CIRCUITS OF PERFUSED KIDNEY AND 

LEG. Epinephrine (A, F) and pure hypertensin (B, G) produce a rise in both circuits. 
Substance V (PCl), on the other hand (C, H), produce a fall in the pressure both ir 
the kidney and in the leg. 
Right: ARTERIAL PRESSURE OF AN ANESTHETIZED DOG. Pure Hypertensin 
raises the arterial pressure either when injected into the aorta (D) or the right ventricle 
(1), while the PCI preparation is depressor when injected into the aorta (E) and pres- 
sor (J) when injected into the right ventricle. 


Fic. 


an immediate small depression of the blood pressure, followed by a sharp 
increase (fig. 2, 2, below). The perfusion pressure of the leg (fig. 2, 2, above) 
showed a delayed, steady rise, not preceded by any depressor effect. 

The results were quite different when pure hypertensin was used (*). In 
this case the intraarterial injection of 1.3 units was followed by a rise of the 
perfusion pressure (fig. 2, 3, above) without any depressor effect. When the 


(1) Kindly supplied by Drs. Skeggs and Kahn. 
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injected substance reaches the main circuit it also produces a rise in the arterial 
pressure (fig. 2, 3, below). 

Figure 3 shows the results obtained with perfused kidneys. Epinephrine 
injected intraarterially (0.2 y) caused a strong vasoconstriction (A). Pure hyper- 
tensin was also vasoconstrictor (B) but preparation PC 1 had a Vasodilator 
effect (C). These results are similar to the ones obtained with the perfused 


mm Hg 40 MIN. 


STD OMIN. 3 MIN. MIN. 


Fic. 4.—INCUBATION OF PREPARATION PC1 WITH PLASMA. Three depressor units 
of PCI (substance V) were incubated with 5 ml of plasma previously acidified (accord- 
ing to Leloir et al10), phosphate buffer and merthiolate solution, final volume 7, ml 
(above); and with unacidificd plasma (below). 


| 


leg, (F, G, H), with the difference that the kidney is more sensitive to vaso- 
constrictors. The injection of pure hypertensin into the aorta (D) or in the 
right ventricle was followed by a pressor effect. On the other hand, preparation 
PC 1 had a pressor effect when injected into the right ventricle (J) but caused 
a fall in the blood pressure, when the injection was given into the aorta (E). 

All these findings support the idea that our hypertensin preparations are 
contaminated by a vasodilator substance which is strong enough as to inhibit the 
vasoconstrictor action of hypertensin when injected intraarterially. The depres- 
sor substance, to which we shall refer from now on as substance “V”, must be 
destroyed rapidly in the blood stream since in order to obtain vasodilatation 
the injection must be given intraarterially, the venous or ventricular injection 
inducing only a pressor response. 
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Fic. 5. -—LEG PERFUSION 
PRESSURE, INCUBA- 
TIONS OF ADENOSINE 
ADENILIC ACID AND 
HISTAMINE WITH PLAS- 
MA, (Above). Adenosine 
and adenilic acid incubat- 
ed with fresh plasma are 
not destroyed. 

(Middle) Histamine incu- 
bated with acidified and 
fresh plasma. No destruc- 
tion is observed. 

(Below) EFFECT OF 
ATROPINE ON SUBS- 
TANCE V AND ACETYL- 
CHOLINE. Before the atro- 
pine treatment, substance V 


and acetylcholine produce a 
fall of the perfusion pres- 
sure; after injecting the dog 
with 6 mg atropine, acetyl- 
choline depression is inhi- 
bited, while substance V 
depression is not. 


EFFECT or ATROPINE 


SUBSE SUMSIV 0.90. 
ar ; 437 


6 mg 


Destruction of substance “V” by the plasma. To test the hypothesis that 
substance “V” was destroyed by the blood, 3 pressor units of preparation PC | 
were incubated at 37°C with 5ml of fresh dog’s plasma, using merthiolate 
1/10.000 as a preservative. The pH was kept about 7.4 with phosphate buffer, 
the total volume of the solution being 7.5 ml. The results (fig. 4) show that the 
destruction of “V” is almost complete after 3m incubation. On the other hand, 
il the plasma is treated before incubation, according to Leloir et al (!*) to 
destroy hypertensinase, (incubation at 37° and pH 4 for 30m), its ability 
to destroy substance “V” is completely lost. This finding supports the idea 
that substance “V” is destroyed in the plasma by enzymatic action. 

Identification of the vasodilator substance. The differentiation of subs- 
tance “V” from adenosine, adenilic acid, histamine or acetylcholine is easily 
made. Neither adenosine, nor adenilic acid or histamine are destroyed by 
plasma (fig. 5), which rapidly destroys substance “V”. The vasodilator action 
of acetylcholine is completely inhibited by atropine, while the effect of subs- 
tance “V" is unmodified (fig. 5). Angiodiactin (*) which produces a vasodila- 
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tion on the Lawen-Trendelenburg toad preparation constricted by epinephrine 
or hypertensin, was found to be without effect on the blood perfused organs. 

Substance “V” appears to be related to a group of vasodilator substances 
of polypeptide nature, such as bradykinin (1%), !.allidin (6), substance “P” (°), 
substance “U” ('), darmstotf @°) and kinin ('*). We were able to compare 
substance “V” with bradykinin obtained through the courtesy of Professor 
Rocha e Silva. 

Comparison between substance “V” and bradykinin. In order to compare 
the vasodilator action of both substances, a vasodilator unit was defined as 
the amount that will produce a decrease of 50mm Hg in the perfusion pres- 
sure, when injected intraarterially into a leg preparation of a 10 kilogram dog, 
as described above. 

The bradykinin preparation we used contained | vasodilator unit per 
200 ug of dry substance. Hypertensin preparation PC1 contained 1 depressor 
unit in approximately 50 ug of dry substance, 


THERMOSTABILITY — DIALYSIS 


os mi.out o4ml in 


0 | 
| —40 


STD. 20MIN 20MIN} O2ml.out o2ml in 
100°C 


lic. 6.—(Left) THERMOSTABILITY OF BRADYKININ AND SUBSTANCE V. Substance 
V. 5 U. and bradykinin, 5 U., were dissolved in 2,5 ml of 0,1 N-HCl, and in 25 ml of 
0,1 N.NaOH; after 20 minutes at 100° C they were neutralized and 0,5 ml of each were 
injected in the perfusion stream. It can be seen that both were resistant to the boiling 
with HCI, while most of the depressor action was lost in the basic medium. 
(Right) LEG PERFUSION PRESSURE. DIALYSIS OF BRADYKININ AND SUBSTAN- 
CE V. 2U. bradykinin in 2ml, and 4U substance V in 2ml saline, were dialized in a 
small cellophane bag against the same saline volume, for 40 hours at 4° — 5°C, The 
solutions outside and inside the cellophane bag were compared on the perfused leg, 
showing that an equilibrium had been attained. 
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Thermoestability. Figure 6 shows that neither bradykinin nor substance 
“V" were destroyed after 20m boiling in acid solution (0.1 NHC1l) the 
depressor activity being the same as the controls. On the other hand, the acti- 
vity of both substances was greatly reduced by boiling 20 minutes in an alkaline 
(0.1 N NaOH) medium. 

Dialysis. Both bradykinin and substance “V” dialyse through cellophane 
membranes, Figure 6 shows that a nearly complete equilibrium is attained 
when the cellophane bags in which the substances were introduced, were kept 
in a small volume of distilled water for 40 hours at refrigerator temperature 
(about 5° C). 

Enzymatic destruction. Crystalline pepsin does not destroy substance “V” 
or bradykinin. Figure 7 shows that the incubation of 5 vasodilator units of 
both substances with | mg of crystalline pepsin (final volumen 2,5 ml) at pH 
1 for 30 minutes does not reduce their vasodilator action. This was also true 
when the incubation was prolonged up to 60 minutes (in this case the final 
volumen was 5 ml, that is to say that the enzyme concentration was halved). 

In the case of PC 1 preparation, the presence of hypertensin after the 
incubation period was tested by its pressor effect on the rat arterial pressure, 
and it was found as expected that all the hypertensin had been destroyed by 
pepsin. Chymotrypsin rapidly destroys both substances. 1 mg of crystalline 
chymotrypsin (*) in a final volume of 2.5 ml or 5ml incubated with 5 units 
of bradykinin or substance “V” at pH 7 for 30 and 60 minutes. The results 
are shown in figure 7. Crystalline trypsin destroyed both substances in the 
course of 30m incubation at pH 7. According to Rocha e Silva (!*) pure 
trypsin does not destroy bradykinin. It is quite possible that our results are 
due to contamination of the trypsin we employed with small amounts of 
chymotrypsin. 

Both substance “V” and bradykinin are readily inactivated by fresh plasma, 
the action of which is lost when the plasma is acidified to pH 4, according to 
Leloir et al. ('°) (fig. 8). 

Aqueous extracts of several organs were very active in destroying brady- 
kinin and substance “V”. A small piece of tissue (about 0.5g) was ground 
and afterwards homogeneized in a ball homogeneizer with 5 ml of 9 % > saline 
solution. After centrifuging several minutes at 2500 revolutions the superna- 
tant was used to test its activity on the vasodilator substances. Of the organs 
tested, kidneys were found to be the most active in destroying bradykinin and 
substance “V”, followed by spleen, liver and nervous tissue (fig. 7). This 
sequence also shows the diminishing proportion im which hypertensinase is 
contained in these organs (°). 

The activity of the kidney, as far as its power to destroy bradykinin and 
substance “V" is concerned, is remarkable. 2mg of fresh cortex, completely 
destroys 4 units if both substances in 30m, which is comparable with the 
action of | mg of crystalline chymotrypsin. Acidification of the kidney extract, 
according to Leloir et al. (2°) , eliminates its capacity to destroy both substances. 

These experiments suggest that the plasma and tissue peptidases which 
act on hypertensine are the same as those that destroy bradykinin and subs- 
tance “V”, 

Paper Chromatography. We tried to find out whether substance “V” and 


(*) Armour Laboratories. 
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Fic. 7.—(Above) LEG PERFUSION PRESSURE. INFLUENCE OF ENZYMES ON BRADY- 
KININ AND SUBSTANCE V. 
Pepsin: Two concentrations of crystalline pepsin were used: 1 mg in 2,5 ml final volume 
(columns to the left) and 1 mg in 5 ml final volume (columns to the right). Each pair 
of columns represents one experiment. White columns are the blanks: without the 
enzyme; black columns are incubations with the enzyme. In the first case, 5U of 
bradykinin or substance V were incubated at pH 1 for 30 minutes. In the second case 
the incubation lasted 60 minutes (the concentrations of bradykinin and substance V 
being the same as in the first experiment). 
Chymotrypsin: Same as above, but incubated at pH 7,4 (using phosphate buffer). 
Trypsin: I mg crystalline trypsin in 2,5ml final volume incubated at pH 7,4 with 5 
depressor units of substance V or bradykinin. 
Both substance are resistant to pepsin, but are destroyed by chymotrypsin and trypsin. i 
(Below) INFLUENCE OF ORGAN EXTRACTS ON SUBSTANCE V AND BRADY- 
KININ. Organ extracts containing 100mg of fresh tissue in Iml were incubated at 
pH 7,4 in the conditions shown in the figure, with 2U of substance V or bradykinin. 
In the first kidney experiment the amount of both substances was 5U and the in- 
cubation time 15 minutes, showing that the kidney extract previously acidified had lost 
its power to destroy both substances. 
The sequence of destroying ability appears to be kidney-spleen-liver-brain. 
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bradykinin could be differentiated by this method. Butanol: water, acetic acid 
(25:25:6) was used as a solvent; all the samples were run by duplicate using 
the same trough, in descendent chromatography in Whatman paper N® 3, the 
strips being 3 cm wide and 45 cm long. 

The samples were put on the paper in small portions, following a hori- 
zontal line and dried with infrared light, before any new addition. All the 
strips were run for a period of 16 hours, during which the solvent front reached 


BRAD. VU. 
MM. HG. 


T 


BRAD. 05 U* FRESW PL.O5 ML 


—SUB.V. 05U.* FRESH PL.OSML 
FRESH PL. O5 ML. 


+ BRAD. ACIBIFIED PL.OS.NL 


SUB.V.+ACIDIFIED PL.OSML 


Fic. 8.— EFFECT OF FRESH AND ACIDIFIED DOG PLASMA ON BRADYKININ AND 
SUBSTANCE V. 2U bradykinin or 2U substance V were incubated with 2 ml fresh 
plasma and with plasma previously acidified to pH 4, during 15 minutes at 37° C. Equa) 
amounts (0.5 ml) of bradykinin without plasma, bradykinin and substance V incubated 
with fresh plasma, a “blank” of fresh plasma, and both substances incubated with 
acidified plasma, were injected in the perfused leg. 


28 - 30cm. The strips were dried, cut into pieces 1 or 2cm wide, and eluted 
with 2 ml of distilled water or Ringer solution. Until the moment of the biol- 
ogical test they were kept in a freezer at —20° C, bradykinin and substance ‘“V” 
were recognized by their depressor effect on the perfused leg; hypertensin by its 
pressor effect on the anesthetized rat. 

Both bradykinin and substance “V” Rf. values appear to be strongly 
influenced by the period of time elapsed after the mixture of the solvent com- 
ponents, possibly due to the formation of butyl acetate. In experiments with 
fresh solvent (24 hours after mixture) the Rf. for hypertensin was 0.13 and 0.18 
for substance “V” (using hypertensin preparation PC 2, prepared as PC 1). 
When the solvent was a week or more old we found in several experiments 
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Rf. values of 0.98, 0.94 and 0.82 for substance “V", and 0.83, 0.94 and 0.70 for 
bradykinin, taking into consideration the most active portion of the strip. The 
zone covered by the activity has a variable length, between 4 and 6 cms, and 
there is a great overlapping between substance “Vv” and bradykinin. In the 
<ase of preparation PC 2, we were unable to separate hypertensin from substance 
“V" using this method. Figure 9 shows the result of a typical experiment. 
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BRADY KININ 
seonenr 
LEG PEDFUSION PRESSURE 


SCHEMATIC 
wal PRESSURE 
ACTUAL EXPERIMENT 
SEGMENT 123 4 67 


SUBSTANCE ‘V" 


“ACTUAL JARTERIAL RAT 
TPEXPERIMENT \PRESSURE 
SCHEMATIC 
SCHEMATIC 
10 LEG 


we | ACTUAL PERFUSION 
/ EXPERIMENT) ppessuRE 


SEGMINT-1 2 3 4 56 


Fic. 9. — CHROMATOGRAPHY OF BRADYKININ AND SUBSTANCE V. The figure shows 
that bradykinin is found in the same zone of the paper strip as substance V and hyp- 
ertensin both contained in the preparation PCI. 
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Electrophoresis. We tried to separate hypertensin from substance “V” in 
preparation PC 1, by the electrophoretic method. Whatman paper N° 1, and 
Walpole acetate buffer pH 4, ionic strength 0.05, were used. Electric current 
was set at 220 volts during 7-8 hours. In all the experiments, hypertensin and 
substance “V” were found in the same zone and occasionally the maximun 
activity was in different but contiguous segments of the strip (fig. 10). 
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Fic. 10.— ELECTROPHORESIS OF A PURIFIED HYPERTENSIN PREPARATION (PCI). 
The figure shows that the hypotensive action (substance V) and the hypertensive action 
(hypertensin) overlap. 


DIscCUussION 


Substance “V” appears to be a polypeptide similar to or identical with 
bradykinin. We were unable to find differences in thermostability in acid or 
basic medium, pharmacological characteristics, resistance or sensitivity to several 
digestive enzymes such as trypsin or pepsin, behavior toward tissue enzymes, etc. 
Paper chromatography could not establish any differences between them. 

Bradykinin is a polypeptide formed by the action of a snake venom (botrops 
jararaca) or trypsin, on a plasma globulin which precipitates between 35 and 
45 % saturation with ammonium sulphate. It is a smooth muscle stimulating 
substance and it produces a fall in the blood pressure when injected intra- 
venously. Bradykinin cannot at present be differentiated chemically or pharma- 
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cologically from kallidin, a substance formed by the incubation of kallikrein 
with a plasma precursor present in the globulin fraction. Kallikrein is a protein 
present in large quantities in pancreatic juice, in salivary glands and in saliva, 
and in smaller quantities in the kidneys (**) . 

The different kallikrein preparations are not identical. Pancreatic and 
urinary preparations are chemically and pharmacologically different from the 
submaxillary substance. The kallidins produced by thei. all seem to be identical. 

Substance “P”, a potent smooth muscle stimulating factor extracted from 
intestine is not identical with bradykinin. The two polypeptides can be sepa- 
rated by counter-current methods and paper electrophoresis (!*). Furthermore, 
Zetler (**) found that substance “P” has several effects on the central nervous 
sysem of the rat, which are not produced by bradykinin. 

Darmstoff, a smooth muscle stimulating substance isolated from the small 
intestine was once believed to be identical with substance “P’’, Nevertheless at 
present it is known to consist of several acidic phospholipids, one of which 
apears to be an acetalphosphatidic acid (1). 

Substance “U” is a smooth muscle stimulating and depressor substance of 
polypeptide nature, found by Beraldo (') to be present in dog urine, This 
substance is very similar to bradykinin and is possibly the same substance. 

Clostridin is a substance formed by the action of a cysteine-activated pro- 
tease secreted by clostridium histolyticum on a globulin fraction of bovine 
plasma. Clostridin is similar to bradykinin if not identical with it (25). 

Kinin (38), a polypeptide present in wasp venom, is a potent smooth mus- 
cle stimulating and hypotensive agent. Despite its many common properties, 
kinin could be distinguished from kallidin or bradykinin by paper chromato- 
graphy. 

The present data support the conclusion that substance “V”, bradykinin, 
kallidin, substance “U” and clostridin are identical or very closely related 
polypeptides, It seems that trypsin, kallikrein, the venoms of bothrops jararaca, 
and clostridium histolyticum give rise to the same depressor polypeptide when 
incubated with plasma globulins, 

The significance of substance “V” in such great quantities in our hyper- 
tensin preparations is obscure. Schacter (!®) has recently shown that the simple 
dilution of serum (ox, guinea pig, rat, human) give rise to a “slow contract- 
ing substance” active on uterus or intestine. This substance is destroyed by 
chymotripsin and its formation is inhibited by soya bean inhibitor and it 
appears to be similar to bradykinin, though at present the data do not allow 
to draw final conclussions in this respect. According to Schacter the dilution 
of the serum will transform kallikreinogen into kallikrein, which acting upon 
the serum globulins will form kallidin. 

When the plasma is treated with chloroform or brought into contact with 
a glass surface, kinin activity develops; this is probably due to the activation of 
plasminogen to form plasmin, which as shown by Beraldo (?) acting on the 
plasma protein forms bradykinin. In fact, in this case antiplasmin inhibits the 
formation of bradykinin (?*). 

Recently Lewis and Work (!") confirmed Beraldo’s findings, showing that 
the incubation of human plasmin with a pseudoglobulin fraction of human 
plasma originated a “slow contracting substance”, resistent to atropine and 
presumably similar to the bradykinin group. The activation of plasminogen 
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can result from the action of 5-hydroxytryptamine, recently shown to be a potent 
agent in stimulating the production of fibrinolytic activity (°) . 

It seems possible that substance “V” could be formed in the ox plasma 
used for preparing hypertensinogen, before precipitating it with ammonium 
sulphate, or later. It could also be formed by the action of some renal enzyme 
(kallikrein?) contained in our crude renin preparation, on the plasma globulins. 


SUMMARY AND CONCLUSIONS 


A vasodilator substance (substance V) present in a purified hypertensin 
preparation is described. 

Substance V produces strong vasodilatation when injected intraarterially 
(or in the biood leading to a perfused organ) but has a much weaker effect if 
the injection is given intravenously. This is due to the fact that substance V is 
rapidly inactivated by blood plasma. 

Substance V is not inactivated by boiling 20 minutes in an acid medium, 
but most of the activity is lost by a similar treatment in 0.1 N NaOH. It is 
dialysable through cellophane membranes. 

Substance V is destroyed by chymotrypsin but not by pepsin. Blood plasma 
and several organ extracts rapidly inactivate substance V. This action is lost 
if the plasma or the extracts are previously acidilied to pH 4 and kept at 37° C 
for 30 minutes. 

Substance V appears to be a polypeptide similar to or identical with 
bradykinin. Both substances have been compared and found to have the same 
properties in the characteristics listed above. Furthermore they could not be 
differentiated by paper chromatography. 


REFERENCES 


(1) Beratpo, W.: Amer. J. Physiol., 1952, 171, 371. 

(2) BERALDo, W.: Amer. J. Physiol., 1950, 163, 2. 

(3) BRAUN MENENDEZ, E., FascioLo, J. C., Letom, L. F., MuXoz, J. M., Taquini, A. C.: Hyper- 
tension arterial nefrégena. Edit. El Ateneo, Buenos Aires, 1943. 

(4) Catvo, R., FascioLo, J. C., Cuionetti, J. I., SuArez, J. R.: Rev. argent. Cardiol., 1956. 
137, 229. 

(5) Euter, U. S., Gappum, J. H.: J. Physiol., 1931, 72, 74. : 

(6) Fascro.o, J. C., Letom, L. F., MuNoz, J. M., BRAUN MENENDEZ, E.: Rev. Soc. argent. Biol., 
1940, 16, 43. 

(7) Fascio.o, J. C.: Acta physiol. latinoamer., 1953, 3, 1. 

(8) Frey, E. K., Kraut, H., Werve, E.: Kallikrein. Edit. Enke, Stuttgart, 1950. 

(9) Kwaan, H. C., Lo, R., McFapzean, A. J. S.: Clin. Se., 1957, 16, 255. 

(10) Letom, L. F., MuNoz, J. M., BRAUN MENENDEz, E., Fasciouo, J. C.: Rev. Soc. argent. Biol., 
1940, 16, 635. 

(11) Lewis, G. P., Work, T.: J. Physiol., 1957, 135, 7P. 

(12) Lewis, G. P.: J. Physiol. 1958, 140, 285. 

(13) PaLapini, A. C., BRAUN MENENDEZ, E.: Biochim Biophys. Acta, 1955, 18, 580. 

(14) Pernow, B., Rocna £. Siva, M.: Acta phys. scandinav., 1955, 34, 59. 

(15) Prapo, J. L., Monzer, R., Prapo, E. S., Fromacgeot, C.: Biochim. Biophys. Acta, 1956, 
22, 87. 

(16) RocHa £ Sitva, M., BeraALpo, W., RosENFELD, G.: Amer. J. Physiol., 1949, 156, 261. 

(17) Rocua Sitva, M.: Arch. internat, pharmacodyn., 1951, 8,271. 

(18) ScHacter, M., THAIN, E. M.: Brit J. Pharmacol., 1954, 9, 352. 

(19) Scuacter, M.: Brit. J. Pharmacol., 1956, 11, 111. 

(20) Voct, W.: Arch. exper. Path. u. Pharmakol., 1949, 206, 1. 

(21) Voct, W.: J. Physiol., 1957, 137, 154. 

(22) Werie, E., Mater, L.: Biochem. Ztschr., 1952, 323, 279. 

(23) Zeruer, G.: Arch. exper. Path, u. Pharmacol., 1956, 229, 148. 


STRESS AND THE ELECTROLYTE-STEROID- 
CARDIOPATHY (ESCN) 


HANs SELYE AND EOrs Bayjusz 


(Institut de Médecine et de Chirurgie expérimentales, Université de Montreal. 
Montréal, Canada.) 


T HAS BEEN the major endeavor of our Institute to prove that hormones can 
I play a decisive role in the development of numerous non-endocrine disea- 
ses, that is, of maladies which are not primarily due to derangements originat- 
ing in the endocrine glands themselves. Most of our work has been concerned 
with the participation of hormones in the pathogenesis of inflammatory disea- 
ses, nephrosclerosis and hypersensitivity reactions. The major results of these 
investigations have recently been summarized in book form ('*), so that they 
need not be considered here. 

During the last year, however, it became evident that, corticoids can also 
condition the cardiac muscle for the production of structural changes by elec- 
trolytes. It was observed, that infarct-like, massive patches of cardiac necrosis 
can regularly be produced by combined treatment with certain sodium salts 
(e.g., NaH2PO,, NaSO,, NaC10,) and various corticoids, although 
such changes do not develop when either the electrolytes or the steroids are 
given alone (°°), On the other hand, simultaneous administration of MgCl, 
or KCI was found to be effective in protecting the heart against this kind of 
damage (*8: 87), Our studies on the “Electrolyte-Steroid-Cardiopathy,” charac- 
terized by necrosis of the myocardium, have been the subject of an extensive 
monograph (*°) which served as a basis for this review. It was felt that these 
newly discovered interactions between electrolytes and steroids may help to 
elucidate some fundamental problems of cardiac physiology, including the 
biochemical basis of those cardiac infarctions not due to demonstrable, acute 
vascular obstructions, 

From the clinical point of view, perhaps, the most important finding is 
that in the phosphate plus corticoid-conditioned rat, even mere exposure to 
non-specific stressors (neuromuscular exertion, traumatic shock, vagotomy, etc.) 
can elicit focal myocardial necroses with inflammation (** #). This type of 
cardiac damage, as well as a number of other experimental cardiopathies (e.g., 
the myocardial necroses and inflammations caused by the intravenous injection 
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of proteolytic enzymes or by combined treatment with vitamin-D derivatives and 
NaH.PO,), could also be prevented by the prophylactic administration of 
MgCl, or KCI (#1 3). It gradually became evident that electrolytes, steroids 
and stress all play important conditioning roles in the development of cardio- 
pathies. Therefore, further studies that are likely to develop our knowledge in 
these fields are of special importance, because it is hoped that they may supply 
fundamental data for the understanding and prevention of cardiopathies, not 
only in experimental animals, but also in man. 

This communication deals with experiments that demonstrate the ability of 
numerous stressors and very diverse agents to elicit manifestations of infarctoid 
cardiopathy, in rats specifically “conditioned” for this unspecific type of response 
by treatment with 2«-methyl-9 <-chlorocortisol. But before proceeding with 
the description of our recent observations, it will be necessary to give a brief 
synopsis of the scattered and polyglot literature concerning the pathogenesis and 
clinical implications of the electrolyte-steroid-cardiopathy and other infarctoid 
cardiopathies, 


THE “ELECTROLYTE-STEROID-CARDIOPATHY” 


Historical data. It has been well known for half a century that focal 
myocardial necroses, followed by inflammation, can occur in man, either as an 
apparently separate disease (Fiedler’s myocarditis) or as part of systemic infec- 
tions (e.g., in diptheria, typhus). A review of the literature has shown, 
furthermore, that cardiac glycosides (°), vitamin-D derivatives (1+), adrena- 
line (°»®), potassium deficiency (1°), forced muscular exercise (*) —i.e., a num- 
ber of apparently quite unrelated agents—can elicit essentially similar lesions in 
the myocardium of experimental animals. The principal structural characteris- 
tics (necrosis, calcification, inflammation) of these lesions, as well as their extent, 
position and speed of development, vary somewhat from case to case, but they 
have certain salient common features: 1) morphologically, they are characte- 
rized by focal necrosis with invasion of the damaged muscle tissue by inflam- 
matory cells; 2) unlike the true cardiac infarcts, this necrosis is not due to 
acute vascular obstruction, but presumably to biochemical ‘changes in the 
myocardium, None of the earlier authors stressed these similarities. Fiedler’s 
myocarditis, the pharmacology of digitalis, the effects of adrenaline overdosage, 
the toxicology of vitamin-D derivatives, the cardiovascular effects of muscular 
work and the essentiality of potassium as a nutrient are topics so far removed 
from each other that no investigator interested in any one of them could be 
expected to be well informed about the literature in all these fields. 

According to the concept of the “diseases of adaptation,” an excess of corti- 
coids could be expected to produce morbid changes in organs that are particu- 
larly affected by systemic stress (17). Hence, as soon as adequate amounts of 
pure synthetic corticoids became available, we wanted to determine whether 
structural lesions would be produced in the cardiovascular system by such 
hormones, As a result of these investigations, in 1940 we noted that chronic 
treatment with desoxycorticosterone produces marked cardiac and renal hyper- 
trophy in the rat (1°). However, there appeared to be no very specific patho- 
logic changes in these enlarged hearts. After numerous experiments in 1943 we 
finally succeeded in producing fatal cardiovascular damage with desoxycorti- 
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costerone, with typical hyalinizing myocarditis, periarteritis nodosa, nephros- 
clerosis and hypertension (**). This was the first experimentally produced 
Electrolyte plus Steroid-induced Cardiopathy characterized by Hyalinization, 
the type of change to which we now refer as the “ESCH”. This hyalinizing 
cardiopathy resembles certain types of rheumatic carditis, and the extracardiac 
lesions (periarteritis nodosa, nephrosclerosis and malignant hypertension) , 
which accompany this change in the desoxycorticosterone-treated rats, also have 
their counterparts in clinical pathology. In 1957, the discovery of the Electro- 
lyte-Steroid Cardiopathy with Necroses (instead of hyalinization), the “ESCN”, 
greatly helped to clarify the fundamental difference between the hyalinizing 
and the necrotizing types of cardiopathy. It became evident that, under compa- 
rable conditions, the same steroids can predispose the rat for the production 
of either kind of cardiac lesion, but different electrolytes are necessary to elicit 
one or the other type of change. 

The steroid component in the “ESCN”.— The ESCN was first observed in 
rats conditioned by injections of a highly active synthetic corticoid, 2 «-methyl- 
9 «-chlorocortisol (Me-C1-COL), and simultaneously given an excess of dietary 
phosphate. On the other hand, even fatal doses of the steroid or the phosphate 
alone failed to produce myocardial necroses 38). As Me-C1-COL exerts 
both, mineralo-and glucocorticoid properties, it was our next task to establish 
whether the cardiotoxic effect is more closely related to the mineralocorticoid 
or to the glucocorticoid action; it is possible that both types of activity are 
important. Among 48 steroids that have been tested as regards their cardio- 
toxicity so far, Me-Cl-COL proved to be most effective in producing the 
“ESCN”. However, 2«-methyl-9«-fluorocortisol and the two corresponding, 
non-methylated steroids (9«-chlorocortisol and 9«-fluorocortisol) are like- 
wise very effective in this respect. Among those examined, the only halogenated 
corticoid devoid of this activity is triamcinolone (A\!-9 «-fluoro-16-hydroxy- 
cortisol) , a highly active glucocorticoid which possesses little or no mineralocor- 
ticoid potency. On the other hand, cortisone, a glucocorticoid with little mine- 
ralocorticoid activity, is at least as effective in producing “ESCN” as is desoxy- 
corticosterone, although the latter is much more mineralocorticoid than is the 
former (**). It is especially noteworthy that, when given in combination with 
NaH,PO,, even cortisol, the principal natural glucocorticoid of man, can pro- 
duce such cardiac changes; the same is true of the natural corticoid mixture 
that is secreted by the adrenals of animals treated with large amounts of 
ACTH %), 

All the steroid hormones that we found to be highly effective in produc- 
ing the “ESCN” are potent corticoids. In experiments in which neither high 
doses of triamcinolone (a pure glucocorticoid) nor of desoxycorticosterone 
(a pure mineralocorticoid) produced any marked degree of cardiopathy in 
NaH.PO, sensitized rats, combined treatment with small doses of both these 
steroids sufficed to induce pronounced and extensive cardiac necroses (**). It 
would appear, therefore, that the concurrent administration of mineralo-and 
glucocorticoids is most effective in conditioning the cardiac muscle to the necro- 
tizing action of certain electrolytes. This finding seems to be especially interest- 
ing, because in so many other respects these two types of corticoids are anta- 
gonists. Under our experimental conditions, none of these steroids produced 
cardiac necroses when they were not supplemented by treatment with electro- 
lytes. 
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The electrolyte component in the “ESCN”. As mentioned before, the 
“ESCN” was accidently discovered in rats injected with Me-C1-COL and treated 
simultaneously with large amounts of NaH.PO, by stomach tube (7° Soon 
after this observation, we learned that both NaH,PO, and Na,HPO, (as well as 
neutral mixtures of both these salts) are highly active in this respect. It was 
assumed, therefore, that this infarctoid cardiopathy is not due merely to changes 
in pH that might be induced either by the acid or by the basic phosphate (#5). 
When NaH,PO, and NaCl were given in equimolecular amounts to rats condi- 
tioned with Me-Cl-COL, only the former salt caused necroses in the myocar 
dium. ‘The inactivity of NaCl led us to conclude at the time that, for the 
production of the infarctoid cardiopathy, the phosphate ion is the essential part 
of NaH,PO,. This is the reason why, in our first papers, the “ESCN” was 
described as a “phosphate-steroid-cardiopathy”. But it will be seen that the 
assumption that PO, is the active moiety in the scdium phosphate was not 
entirely correct, because Na is likewise indispensable. 

Subsequently, it has also been possible to produce similar cardiac lesions 
by combined treatment with Me-Cl-COL and other inorganic phosphorus com- 
pounds, such as: NaH,PO3;, Na,.HPO;, NaH.PO., Na,P,0O; and (NaPOs) , (*) 
We then learned that not only phosphates and their immediate derivatives but 
many other Na-salts can produce cardiac necroses under these experimental 
conditions. Na-sulfates and sulfites, as well as NaCl0,, are approximately as 
active as the corresponding phosphorus compounds (?*: 7%), As the chloride 
and several other organic and inorganic sodium salts were found to be ineftec- 
tive, the question arose whether the cation plays any role in the production of 
the ESCN. KH,PO, (unlike NaH,PO,) does not produce an ESCN in the 
Me-C1-COL conditioned rat (1°). None of 18 non-sodium salts tested elicited 
the typical picture of the FSCN. This is all the more noteworthy because we 
purposely employed phosphates, sulfates and perchlorates, that is, salts of 
anions that are highly effective in activating the ESCN-producing effect of 
Na (3°), 

Our general conclusions from all these observations can be summarized as 
follows: 1) only Na-salts are active in producing an ESCN; 2) not all Na-salts 
permit the production of an ESCN; 3) both the cation and the anion play 
important roles in the production of the ESCN; 4) Na occupies a central posi- 
tion and certain anions, especially PO,, SO, and C104, sensitize the heart for 
the cardiotoxic actions of this cation. 

After these facts were established, the question arose whether anions that 
do not sensitize (for example, Cl) are merely inert or whether they actively 
inhibit the efficacy of Na. Systematic studies were performed, therefore, on 
rats treated with a series of Na-salts in addition to Me-Cl-COL plus Na,HPQ,. 
Among all the sodium salts tested, only NaCl exerted a statistically significant 
protective action (°.3%), This inhibition by one Na-salt of cardiac necroses pro- 
duced by other Na-salt offers the most convincing proof of the active role 
played by anions. 

It has been briefly mentioned in the introduction, that MgCl, and KCl 
inhibit the morbid changes that are produced in Me-Cl-COL conditioned rats 
by simultaneous treatment with certain Na-salts (particularly the phosphates, 
sulfates and perchlorate). However, in this respect, under standard experimen- 
tal conditions, equivalent amounts of MgCl, or KC] are far more effective than 
is NaCl (?* 28.87), Comparative experiments with other electrolytes clearly 
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showed that the cation is likewise of importance, since certain chlorides proved 
to be far more effective than others in preventing the ESCN. In particular, 
MgCl, and KCl were most active, NH,Cl and CaCl, exhibited a moderate 
anti-ESCN activity, while NaCl was least effective. The nature of this desensitiz- 
ing action is still obscure, but since even the forced oral administration of 
water gave some protection against the ESCN, the possibility had to be consi- 
dered that both water and the chlorides might act merely by increasing the 
urinary excretion of toxic electrolytes (**). It has also been definitely proven 
that the phenomenon of desensitization does not depend upon interference with 
any specific effect of the phosphate-ion, since the protective effect on MgCl, 
or KCI is also manifest in Me-Cl-COL conditioned rats in which ESCN is 
produced by Na,SO, or NaClO, instead of by Na,HPO, (**: *°), To further 
our study of the important phenomenon of protection, a great number 
of electrolytes were tested, in various combinations, All these investigations sug- 
gested the following general conclusions: 

1) The production of an ESCN by sensitizing Na-salts can be prevented by 
a variety of chlorides; 2) KCl and MgCl, are the most active among the rela- 
tively nontoxic chlorides that we have tested; 3) a number of K-salts other than 
the chlorides likewise exhibit considerable anti-ESCN activity, while the corres- 
ponding Mg-salts are less active or actually inert; 4) the anti-ESCN action of 
various K-salts, other than the chloride, is greater than that of Mg, but KCl 
and MgCl, are about equally active; 5) both the cation and anion play impor- 
tant roles in the prevention of the ESCN: 6) there exists a strictly quantitative 
relationship between sensitizing and desensitizing electrolytes in that 14 to 
14mM of KCI or MgCl, is the threshold amount necessary to produce a just 
significant inhibition of an ESCN induced by 1mM of Na,HPO, (for litera- 
ture see Ref. *°). 

The possibility had to be considered that sensitizing and desensitizing 
electrolytes might inactivate each other, owing to chemical reactions that take 
place immediately after these salts are introduced into the gastrointestinal 
tract. It has been found, however, that the oral administration of desensitizing 
salts counteracts the effect of sensitizing electrolytes, even if the latter are 
injected parenterally (3) . 


The extracardiac effects of electrolyte steroid treatment are not our prin- 
cipal concern here; yet, it is worth mentioning that the production by Me-Cl-COL 
plus sensitizing electrolytes of lesions in the heart, kidney and liver does not run 
parallel. Only phosphates and their close derivatives produce significant amounts 
of nephrocalcinosis, while hepatic necrosis is induced by a larger variety of salts 
and particularly by the Na-sulfates, Na,SO,, NaH,PO;, NaClO, and Na- 
tartrate (°°). 


Blood pressure in the “ESCN”’. — It has been shown that various electrolytes 
influence the pressor activity of corticoids. On the other hand, the desoxycorti- 
costerone-hypertension, as well as the associated ESCH (with periarteritis and 
nephrocalcinosis) , is aggravated by Na-salts (1*). It was, therefore, necessary to 
establish the relationships between ESCN and blood pressure. In rats treated 
with NaH,PO, plus Me-Cl-COL, there was a slight initial hypertension not 
significantly greater than that induced by Me-Cl-COL alone. NaHyPQ,, in itself, 
did not alter the blood pressure in these experiments. However, in the animals 
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that received the combined electrolyte steroid treatment, the blood pressure fell 
below normal, several days before death from myocardial necroses. Here, the 
ante-mortem hypotension was presumably due to heart failure induced by the 
myocardial necroses. There is no evidence that the ESCN is preceded by any 
pronounced hypertensive episodes (?) . 


ECG in the “ESCN”.— The ECG was registered—using the three standard 
leads—in rats treated with Me-Cl-COL and NaH.PO, under the usual conditions 
of experimentation for the induction of the ESCN. The most conspicuous 
changes observed were: a decrease of the heart rate with prolongation of the PR 
and QT (QU) intervals and a lowering of the T waves. All these ECG-anomalies 
became evident as early as two days after initiation of the treatment—that is, long 
before the appearance of the massive cardiac necroses. However, after seven days, 
when large patches of ESCN appeared, the ECG began to reveal arrhythmias and 
conduction defects (#). 


Biochemical data.— The distribution of Na, K and inorganic PO, was 
studied in the serum, abdominal muscles and heart of the rat, in relation to 
the ESCN. The K-concentration was decreased in the heart and skeletal mus- 
cles of rats treated with NaH,PO, and/or Me-Cl-COL. A significant increase in 
the Na-concentration of the heart was even more marked after combined treat- 
ment with both these agents. On the other hand, there was no significant 
change in the organic PO,-content of the heart during any of these treatments (*). 


Histologic characteristics of the “ESCN”.—The lesions of the ESCN re- 
semble infarcts but are not identical with them. Like the true cardiac infarcts, 
the infarctoid foci consist of massive, necrotic patches within whose limits the 
muscle fibers are gradually absorbed and replaced, first by histiocytes and poly- 
morphonuclear cells, later by connective tissue. Any part of the heart may be 
affected, but the right ventricle, the auricles and the subendocardial layers of 
both ventricles are sites of predilection. The necrosis appears to be the result 
of the primary change in the myocardial fibers themselves, since these show the 
earliest lesions. It is in this respect that the ESCN produced by corticoids, and 
electrolytes differs most markedly from the classical cardiac infarct that results 
from acute obstruction in the coronary vessels. 

With the aid of special stains which we have recently perfected, it was pos- 
sible to demonstrate the accumulation of a strongly fuchsinophilic material 
which eventually displaces all other elements within the cardiac muscle fibers, 
and results in necrosis. This change usually begins in the immediate vicinity of 
nuclei and then tends to spread, so that ever larger portions of a muscle fiber 
are transformed into a more or less hyalin, strongly fuchsinophilic mass. At 
this stage, the rest of the muscle fiber, including its nucleus, may still retain a 
histologically normal appearance. As the lesion progresses further, the nucleus 
becomes indistinct and eventually disappears, while an entire segment of the 
muscle fiber, still sharply delimited by sarcolemma and intercalated discs, is 
completely transformed into a hyaline, fuchsinophilic tube. When only in- 
dividual fibers or fiber segments are affected by this change, the lesion heals 
without causing inflammation or leaving a permanent scar. However, when 
many adjacent fibers are thus affected and the lesion assumes a “critical size”. 
healing is possible only after the damaged tissue debris is removed by inflam- 
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matory cells and replaced by a connective-tissue scar. The fuchsinophilic material 
apepars to be characteristic only of the initial stages of cardiac damage; it disap- 
pears completely from muscle fibers that have totally disintegrated and are in 
the process of being absorbed. 

Among other degenerative changes that tend to occur in the early stages 
of the ESCN, extensive calcium deposition in the affected myocardial fibers is 
the most common, granules of calcium salts (tingible with von Kossa’s method) 
are often detectable, even in muscle fibers which still retain their cross striation 
and whose nucleus does not exhibit any manifest abnormality. It would appear, 
therefore, that calcium deposition is not necessarily the consequence of necrosis, 
although it occurs most commonly in necrobiotic or frankly necrotic fibers (3°, 3*), 


“ESCN” and coronary sclerosis. — We have already seen that, in the ESCN, 
myocardial necroses occur without any morphologic evidence of a vascular obs- 
truction. It must be kept in mind, however, that the development of all cardiac 
infarcts depends primarily upon the relationship between the metabolic requi- 
rements and the blood supply, of the heart. Hence, combined treatment with 
active Na-salts and corticoids might act by inducing potentially dangerous 
metabolic changes within the myocardium, so that even the physiologic, nor- 
mally well tolerated, variations in its blood supply may result in necrosis. In 
this case, the precipitating effect of stress could be due either to an additional 
increase in the metabolic demands of the cardiac muscle, or to,,,temporary 
variations in its blood supply that are not reflected in any detectable structural 
change within the coronary vessels. If this concept is correct, the ESCN may 
help to clarify the pathogenesis of those cardiac infarcts of man which are 
unaccompanied by acute vascular obstruction. 

All our experiments concerning the ESCN were performed on healthy young 
animals with normal cardiac vessels, while spontaneous infarcts tend to occur 
with the greatest frequency in middle aged or older men, in whom even a 
moderate degree of coronary sclerosis may well act as a predisposing factor for 
metabolic changes similar to those induced by electrolytes plus corticoids. We 
thought that in order to elucidate this problem it would be useful, first to 
produce a moderate amoutn of coronary sclerosis and hardening (for instance, 
by treatment with dihydrotachysterol, “DHT’’) and then, to determine whether 
such an “artificial aging’ of the arterial system can sensitize the heart to the 
necrotizing effect of subsequent treatment with electrolytes and corticoids. 
Therefore, albino rats were pretreated with DHT, during 10 days, so as to 
produce mild narrowing and calcification of the coronary arteries. After this, 
no further treatment was given until all the animals had recovered, as judged 
by their growth and clinical appearance. Then, combined treatment with 
NaH,PO, plus Me-Cl-COL was initiated at a dose level which, in non-pretreated 
animals, caused only occasional microscopic foci of myocardial necrosis, localized 
in the areas of predilection (the atria, the right ventricle and the subendocardial 
layers of both ventricles). It was found thai, in the DHT-pretreated rat this 
dose level of NaH,PO, plus Me-Cl-COL produces particularly extensive, macros- 
copically visible patches of necrosis throughout the heart. This finding appear- 
ed to support our hypothesis, but quite unexpectedly it was also noted, after sen- 
sitization with DHT, intense proliferative and eventually obstructive changes 
develop in all parts of the coronary tree during NaH,PO, plus Me-Cl-COL 
treatment (*°). The mechanism of this vascular sensitization is not yet clear, 
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but these observations suggest that the electrolyte-steroid effect is not necessarily 
limited to the cardiac muscle itself, but may also participate in the production 
of obstructive coronary lesions. 


The question of species-specificity.— The medical implications of all these 
observations are largely dependent upon the demonstration that the production 
of such cardiac necroses is not merely a species-specific reaction type, peculiar 
to the rat. It is significant, therefore, that similar cardiac lesions have also been 
produced by Me-Cl-COL and NaH,PO, in the guinea-pig, hamster, rabbit and 
dog (1! 1"). Since the principal glucocorticoid of man is cortisol, it is especially 
noteworthy that extensive myocardial necroses can likewise be produced in 
primates (rhesus monkeys) by combined treatment with cortisol and 
NaH,PO, (*!). It is probable, therefore, that the cardiac muscle of man is also 
sensitive to this type of action. 


OTHER INFARCTOID CARDIOPATHIES 


From a review of the literature, the following conclusions can be drawn: 
many drugs and food constituents can produce focal myocardial necroses, at 
least under certain experimental conditions (for literature see Ref.30). Virtual- 
ly nothing is known about the mechanism through which these latter agents 
affect the cardiac muscle, but preliminary studies have convinced us that the 
production of cardiac necroses by almost any means is likely to be influenced 
—at least to some extent—by those factors (steroids, electrolytes, stress) that 
determine the development of the typical ESCN. 

Almost 30 years ago, it was noted that, in rats, certain steroids of the 
vitamin-D group can produce cardiac necroses with calcification ('°). The 
question then arose whether this type of change could also be influenced by 
excessive dietary phosphate. Normally, DHT produces calcification and necrosis 
of the cardiac muscle but no inflammatory reaction; however, simultaneous 
treatment with NaH.PO, transforms the character of these lesions, so that a 
suppurative, acute myocarditis results (71). Like the infarctoid cardiopathy, this 
inflammatory lesion can be prevented by the concurrent administration of 
MgCl, or KCI (77; *). 

Using large doses of arsphenamine in rats, we succeeded in producing typical 
focal myocardial necroses without any complicating skin lesions. It is evident, 
therefore, that the arsenicals themselves can induce myocardial changes of this 
type. Our preliminary experiments suggest, furthermore, that the cardiac lesions 
produced by threshold doses of arsphenamine can be aggravated by Me-Cl-COL 
or Na,HPO, and inhibited by KCl, 

Previous investigators reported that a single intravenous injection of a 
proteolytic enzyme preparation (e.g., papain, streptokinase) produces histologic, 
as well as sometimes also macroscopically visible, lesions of the heart muscle (*:.8). 
We therefore performed systematic studies with papain, on rats under our usual 
experimental conditions for the production and prevention of the ESCN, This 
work showed that Me-Cl-COL and/or Na,HPO, greatly sensitizes the heart to 
the production of myocardial necrosis by a single, subsequent intravenous in- 
jection of papain extract. On the other hand, MgCl, and KCl are extremely 
effective in protecting the heart against this type of enzymatic damage. It is 
significant that the hepatic necroses and renal changes that also occur in rats, 
following massive intravenous injections of papain, are quite similarly influenced 


STRESS AND THE ELECTROLYTE-STEROID-CARDIOPATHY 155 


by Me-Cl-COL, NasHPO,, MgCl, and KCl (81). It is generally assumed— 
although perhaps not definitely proven—that proteolytic enzymes, such as papain, 
produce necroses by acting directly upon the tissue proteins. If this is so, the 
observations just described would imply that the humoral agents which we 
employed can even modify the susceptibility of tissues to proteolysis, in vivo. 
It has been noted, furthermore, that in rats exposed to the severe stress of 
prolonged restraint, papain produces particularly severe necroses (*). It is 
noteworthy that within the papain-affected areas of heart muscle, Anitschkow- 
myocytes and multinucleated giant cells are commonly observed; therefore, 
certain pathogenic relationships were suspected between these lesions and 
spontaneous collagen diseases, such as rheumatic fever and periarteritis nodosa. 

All these observations suggested that there may be some common pathway 
in the mechanism through which various agents can produce, first necroses, then 
inflammation and finally fibrosis, in the heart muscle. The finding that MgCl, 
and KCl can protect against cardiopathies elicited with most diverse agents, is 
the most unexpected, and perhaps of greater general significance as regards 
the physiology and pathology of heart muscle, because it suggests that the pro- 
tection afforded by Mg- and K- salts are rather nonpecilic. 


‘THE STRESS COMPONENT IN CARDIAC NECROSIS 


From our earlier work on stress and the diseases of adaptation, we concluded 
that “there begins to emerge a new and somewhat more complex pathology, in 
which the main objects of our studies are no longer individual ‘pathogens’, but 
rather, ‘pathogenic situations’ ” (18). This concept has subsequently (') helped 
us to come closer to the understanding of a variety of disease (e.g., gastroduode- 
nal ulcers, hypertension, nephrosclerosis, periarteritis nodosa, rheumatoid 
diseases), in which the interminable search for single, specific pathogens has, 
of necessity, been fruitless. These maladies are not due to any one causative 
factor, but to pathogenic constellations that can be induced in various ways. 
It may be concluded from the findings summarized in this paper that this is 
also true of the necrotizing cardiopathies and of certain types of myocarditis. 
The investigations enumerated below support this assumption. 

In this respect it is important to distinguish between the ESCN that is 
produced gradually by the persistent action of electrolytes and steroids, the 
“infarctoid cardiopathies” that are produced by direct effect of certain drugs, 
and the sudden eliciting effect of stress to which we made only cursory reference 
in the introductory paragraph. Yo clarify the specificity of this eliciting 
mechanism, rats were briefly treated with small amounts of Me-Cl-COL. plus 
phosphate. Although this pretreatment produced little or no cardiac damage, 
subsequent exposure to the stress of a neuromuscular effort (induced by trapping 
the rats on a board) immediately elicited severe and extensive cardiac necroses 
in 100 % of the experimental animals (#*). It might have been thought that 
neuromuscular exertion acts specifically (not merely through its stressor effect) ; 
but in rats similarly sensitized with threshold doses of Me-Cl-COL plus 
phosphate, a high incidence of massive myocardial necroses could also be elicited 
by bilateral vagotomy, hot or cold baths, multiple bone fractures, crushing of 
intestines, quadriplegia (subsequent to transection of motor nerves) or toxic 
doses of adrenaline (4°). Even pretreatment with less active steroids (such as 
cortisol or desoxycorticosterone) in combination with NaH.PO, sensitizes the 
rat (2°) and rhesus monkey (4!) to the production of myocardial necroses by 
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restraint. It is interesting, however, that in preparing the heart for the production 
of acute, infarct-like changes by subsequent exposure to a neuromuscular exer- 
tion, cortisol is again more effective than desoxycorticosterone. One of our 
latest experiments—which will be published elsewhere— revealed furthermore, 
that it is also regularly possible to elicit myocardial necroses by restraint, after 
sensitization with Me-Cl-COL alone (that is, without sensitization by electroly- 
tes), and that MgCl, or KCl, if given during the restraint, protects the heart 
against this kind of damage (**). From a clinical point of view, the finding that 
the effects of direct cardiotoxic agents (such as, papain—a proteolytic enzyme, or 
plasmocid—an enzyme inhibitor) are also significantly aggravated by neuromus- 
cular strain (7) may be important. On the other hand, the fact that sudden 
muscular exertion can precipitate cardiac infarcts, especially in predisposed 
middle- aged or older men, is too well known to deserve special attention here. 

All these earlier investigations demonstrated that, under certain conditions, 
stress, corticoids and dietary electrolytes exert a necrotizing effect on the heart 
muscle and also influence the cardiotoxic effects of many, otherwise unrelated 
agents. 

On the basis of these findings, we assumed that the nonspecific activity 
can be ascribed to the stressor action of the agents used, but this was not 
delinitely proven. In most of these experiments, the rats were sensitized to 
the action of stressors with corticoids plus sodium phosphates. Although the 
necrosis-eliciting effect of various stressors in these experiments was significant, 
some of the control animals sometimes showed heart lesions which resulted from 
the Me-Cl-COL plus phosphate pretreatment alone. The possibility of preci- 
pitating infarct-like, myocardial lesions by sudden exposure to stressors is es- 
pecially important, in view of its obvious clinical implications. Therefore, our 
next task was to establish the necrotizing ability of a great variety of noxious 
agents in the rat, conditioned for this non specific type of response by treatment 
with a highly active corticoid (Me-Cl-COL)—a steroid that never produces 
cardiac necroses when given alone. 


EXPERIMENTAL MATERIAL AND TECHNIQUES 


Four hundred and eighty young female rats (Sprague-Dawley strain), with 
an average initial body weight of 100g. (range 90-110 g.), were divided into 48 
equal groups. Twenty-four groups received no treatment till the eighth day of 
the experiment and served as controls, to show the eventual myocardial—ne- 
crotizing effect of the various agents (or stressors) used. The remaining groups 
were treated from the beginning until the termination of the experiment with 
2.«-methyl-9 «-chlorocortisol acetate (Me-Cl-COL) as described below; these 
showed the ability of corticoid (Me-Cl-COL.) overdosage to condition for the 
cardiotoxic effect of most diverse stressors. After this preparatory period all 
groups (e.g., controls and Me-Cl-COL-pretreated groups) were treated with 
various agents, in doses verified (by preliminary experiments) to be definitely 
damaging to rats of this sex, strain and size. Some of the stressors used (e.g., 
Na-fluoroacetate, dinitrophenol, diphtherotoxin, muscular exercise) were se- 
lected particularly because of contradictory reports in the literature, concerning 
their ability to produce cardiac necroses when these agents are administered 
without conditioning. Others (ier example, diisopropylfluorophosphate, cold 
baths, or pseudomonas aeruginosa infection) were not previously known to 
produce this type of cardiac damage. 
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All stressors were applied during 24 hours only, between the eighth and 
ninth days of the experiment; in addition, as diphtherotoxin is slow acting when 
given subcutaneously, it was also administered on the sixth day. Unless otherwise 
indicated, single interventions (e.g., spinal-cord transection) were performed at 
4 P.M., on the eight day, while double interventions (e.g., hemorrhage, injec- 
tions of drugs) took place at 4 P.M. on the eighth, and at 9 A.M. on the ninth, 
days. All drugs were injected subcutaneously. The stressors used were: 

Cold bath (immersion in icy water at 1° C, during three minutes, twice) ; 

Hot bath (immersion in water at 48° C, during five minutes, twice); 

Muscular exercise (two and one-half hours in the morning and three hours 
in the afternoon, in a drum, 12 inches in diameter, revolving at 18 revolutions 
per minute) ; 

Restraint (the animals were strapped to a board by adhesive tape, in the 
prone position, once during 17 hours) ; 

Motor denervation of extremities (both cervical plexuses, as well as the 
femoral and sciatic nerves, were severed, like all other surgical operations, under 
ether anesthesia) ; 

Spinal-cord transection (with a thermocautery, at the height of the seventh 
cervical vertebrae); 

Vagotomy (transection of both vagi, at the height of the thyroid); 

Crushing of intestines (stomach, ileum and cecum, each crushed three 
times with a hemostat) ; 

Hemorrhage (removal of 3 ml of blood from the jugular vein, twice); 

Adrenaline or Noradrenaline (200 yg, in 0.2 ml of oil, twice) ; 

Vasopressin (‘‘Pitressin,” 101.U., in I ml of water, twice) ; 

Pentamethylenetetrazol (‘“Metrazol,” 6 mg, in 0.2 ml of water, twice) ; 

Diisopropyl{luorophosphate (0.6 mg in 2 ml of oil, by stomach tube, twice) ; 

Na-iodoacetate (2.5 mg in 0.2 ml of water, twice); 

Na-iodoacetate (2.mg in 0.2 ml of water, twice) ; 

Dinitrophenol (0.6 mg in 0.2 ml of water, twice) ; 

Picrotoxin (0.2 mg in 0.2 ml of water, twice) ; 

Na-arsenite (0.6 mg in 0.2 ml of water, twice) ; 

Na-arsenate (2.5 mg in 0.2 ml of water, twice) ; 

Digitoxin (750 ug, in 0.2 ml of water, twice); 

Diphtherotoxin (1:2.5 dilution in 0.9 % NaCl; 0.5 ml, once on sixth day, 
1 ml once on eighth day) ; 

Pseudomonas aeruginosa infection (1:100 suspension in 0.9 % NaCl (tur- 
bidity, 50) into a subcutaneously prepared air-pouch, once on sixth day) . 

Me-Cl-COL administered in the form of microcrystals of its acetate (Upjohn 
Company), in 0.2 ml of water, subcutaneously, 500 yg/day, to the Groups in- 
dicated in Table I, 

The doses listed above were given to the Me-Cl-COL-treated groups. How- 
ever, by the eighth day, under the influence of this potent corticoid the body- 
weight of the rats had dropped from 100 to 80g, while that of the controls 
without pretreatment had risen to 110-113 g; to compensate for this difference, 
the dose of the stressors had to be adjusted accordingly, in these controls. Hence, 
the amounts of all drugs given to the animals not pretreated with Me-Cl-COL 
were higher, by one half, than those given to the pretreated animals (see Table 
I). The hemorrhage was similarly adjusted, in that one-third more blood was 
removed in the controls. No such correction was deemed necessary as regards 
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TABLE I 


Stress and the electrolyte-steroid-cardiopathy (ESCN) 


"Total doses of Final body Cardiac ne- Mortality 


Group Treatment * the stressor weight croses (Grade (%) 
agents (g.) 0 to 3) 
1 None a 122 +28 0 0 
2 None + Me-Cl-COL _ 83 + 3.8 0 0 
3 Cold bath 126 + 2.0 0 40 
4 Cold bath + Me-Cl-COL 86 + 3.2 26+ 0.23 0 
5 Hot bath _ 122 + 3.0 0 0 
6 Hot bath + Me-Cl-COL 76 + 3.8 1.3 + 0.20 0 
7 Muscular exercise - 126 +2.5 0 0 
8 Muscular exercise + Me-Cl-COL — 89+ 3.4 1.7 + 0.36 10 
Restraint 112+3.5 06+ 0.20 0 
10 Restraint + Me-Cl-COL 83 + 2.0 28+0.10 10 
11 Motor denervation of extremities - 110 + 2.5 0 10 
12 Motor denervation of extremities + Me-Cl-COL _ 89+ 3.8 10+027 10 
13. Spinal-cord transection _ 115 + 3.0 0 0 
14 Spinal-cord transection + Me-Cl-COL _ 81429 02+0.15 20 
15 Vagotomy 113 + 3.5 0 80 
16 Vagotomy + Me-Cl-COL 7522.5 1.7 +0.27 80 
17. Crushing of intestines 125 +14 0 0 
18 Crushing of intestines + Me-Cl-COL = 89315 02+0.15 20 
19 Hemorrhage — 117 +42 0 20 
20 Hemorrhage + Me-Cl-COL — 83 +3.5 0 50 
91 Adrenaline 600 pg 127449 10+0 0 
22 Adrenaline + Me-Cl-COL 400 ag 82 + 3.5 2.1 + 0.32 0 
23 Noradrenaline 600 wg 131438 04+ 0.40 0 
24 Noradrenaline + Me-Cl-COL 400 ug 80+ 2.5 29+ 0.10 0 
25 Vasopressin 30) 128 + 2.0 0 0 
26 Vasopressin + Me-Cl-COL 20 LU. 8143.0 15+040 0 
27 ~+Pentamethylenetetrazol mg 134+ 3.2 0 0 
28 Pentamethylenetetrazol + Me-Cl-COL 12 mg +25 06+ 0.40 0 
Diisopropylfluorophosphate 18 mg 105+2.9 04+040 20 
30 Diisopropylfluorophosphate + Me-Cl-COL 12 mg 7324+26 19+032 30 
31 Na-fluoroacetate 015mg 12142.5 1.2 + 0.20 0 
32 Na-fluoroacetate + Me-Cl-COL 0.10 mg 78 +28 20+ 0.10 0 
33  Na-iodoacetate 75 mg 1381+2.5 0 0 
34 Na-iodoacetate 4+ Me-Cl-COL 5 mg 84+ 3.6 0 0 
35  Dinitrophenol 18 mg 125+26 0 0 
36 ~=Dinitrophenol + Me-Cl-COL 12 mg 91+ 3.0 0 20 
37. ~—«~Picrotoxin 06 mg 136+1.9 0 0 
38 Picrotoxin + Me-Cl-COL O04 mg 93+30 08 + 0.32 0 
39 Na-arsenite 18 mg 136+2.9 02+ 0.20 0 
40 Na-arsenite + Me-Cl-COL 12 mg 92+24 06+0.35 0 
41 Na-arsenate 7.5 mg 129+44 0 0 
42 Na-arsenate + Me-Cl-COL 5 mg 92+30 04+0.27 0 
43 Digitoxin 225mg 110+ 3.5 0 0 
44 Digitoxin + Me-Cl-COL 15 mg 70+1.9 0 0 
45  Diphterotoxin 15 ml 143+ 3.0 0 0 
46 Diphtherotoxin + Me-Cl-COL 10 mb 94+19 0.2 +0.15 0 
47 Pseudomonas aeruginosa infection 24 ml 125+42 02+0.27 40 


48 Pseudomonas aeruginosa infection + Me-Cl-COL 16 ml 92+3.7 10+0.36 20 


* The daily dose of Me-Cl-COL (where indicated) was 500yg. 
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heat, cold, muscular exercise, restraint, motor denervation, spinal-cord tran- 
section, vagotomy or crushing of the intestines. 

For further safety, two additional types of controls (10 rats for each) were 
used for each stressor agent, namely: “weight controls” (younger rats, whose 
mean body-weight, like that of the Me-Cl-COL pretreated animals, was 80g, 
at the time of exposure to stress), and “age controls” (animals of the same age 
as those of the principal experiment, but whose body-weight was diminished to 
80 g by partial starvation) . These control groups received the same treatment as 
did the Me-Cl-COL-pretreated groups.However, the findings in these additional 
weight and age controls were essentially the same as in the not Me-Cl-COL- 
treated animals of the principal experiment and, hence, they are not listed in 
Table I. 

During the experiment, the animals were fed exclusively on “Purina Fox 
Chow” and received tap water to drink. 

On the 10th day, all survivors were killed with chloroform; their hearts 
were fixed in formalin and stained with our fuchsin-technique: 

1) fix, for 48 hours, in 10 % formaldehyde solution neutralized by calcium 
carbonate; 2) dehydrate in dioxane; 3) embed in paraffin; 4) deparaffinize in 
xylol; 5) two changes of alcohol 95 %; 6) a few seconds in alcohol 70 % and 
in alcohol 50 %; 7) wash in running water, 5 minutes; 8) rinse in distilled 
water; 9) stain 15 minutes in solution A [50 ml of cresyl truly violet (stock 
solution = 1g in 500ml water and filtration after 1 hour) + 150 ml distilled 
water + 0.8 ml oxalic acid 1 % solution. (Must be prepared just before use.)]; 
10) rinse in distilled water; 11) stain 8 minutes in solution B [20 ml of phos- 
phomolybdic acid 10 % + 20 ml of phosphotungstic acid 10% + 10 ml of acid 
fuchsin 2 % + 0.8ml aniline hydrochloride 1 % + 2 ml glacial acetic acid + 
+ 150 ml distilled water]; 12) rinse in glacial acetic acid 0.5 %; 13) differen- 
tiate in glacial acetic acid 0.5 %, 12 minutes; 14) rinse in distilled water; 
15) dehydrate in alcohol 70 % and 2 changes absolute alcohol; 16) clear in 
xylol and mount in balsam (°°). 

The diagnosis of cardiac necroses was based upon the histologic findings. 
This is important, because, under these particular circumstances (Me-Cl-COlI. 
conditioning and subsequent exposure to stressors) , even extensive necroses are 
often difficult to see by mere inspection with the dissecting loupe. The reason 
for this occasional indistinct macroscopic appearance of histologically advanced 
and extensive necroses is not clear. Perhaps the decomposition products that 
usually endow dead muscle fibers with a characteristic yellow color do not form 
rapidly, or perhaps they are too quickly removed, under certain conditions of 
experimentation. In any event, the possibility of a marked discrepancy between 
histologically detectable and macroscopically obvious necroses must always be 
kept in mind, 

The lesions were graded on the basis of the microscopical examination in 
an arbitrary scale of 0-3, and the means of these findings (with standard errors) 
are listed in Table I, together with the final body weights and the percentual 
mortality rate. 


RESULTS 


It is evident from the findings given in Table I that Me-Cl-COL alone 
failed to produce any cardiac necroses, however, it significantly increased the 
cardiotoxic effect of numerous, quite unrelated agents, particularly that of cold 
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(Group 4) and hot baths (Group 6), muscular exercise (Group 8), res- 
traint (Group 10), motor denervation (Group 12), vagotomy (Group 16), 
adrenaline (Group 21), noradrenaline (Group 24), vasopressin (Group 26) , 
diisopropylfluorophosphate (Group 30), Na-fluoroacetate (Group 32), picro- 
toxin (Group 38), and pseudomonas aeruginosa (Group 48). In many of the 
other groups, Me-Cl-COL likewise increased the incidence of cardiac necroses 
(Groups 18, 28, 40, 42, 46), but the difference between the corticoid-treated 
and the corresponding control groups was less striking and not statistically 
significant. In the remaining groups Me-C1l-COL produced no necrotic foci, but 
merely an increase in individual fiber necroses and fuchsinophilia; such minor 
effects have been disregarded in our grading. 

It is possible that some of the agents failed to produce myocardial necrosis 
because they did not produce sufficiently severe stress at the dose Jevels tested. 
On the other hand, excessive systemic damage does not favor the production of 
this necrosis. In severe shock (produced in this experiment by spinal-cord 
transection) the pulse is weakened and the peripheral resistance is lowered to 
such a degree that necrosis are not elicited even when the animal is pretreated 
with Me-Cl-COL. Despite the failure of the coronary blood supply that occurs 
in “artificial hibernation” induced by cold, or during cardiac arrest with K, 
for example, the myocardium does not show a marked tendency for necrosis. 

In any event, we may conclude from the results summarized in Table I 
that, after Me-Cl-COL conditioning, cardiac necroses can be induced by a great 
variety of essentially different agents; hence, the lesions are largely a nonspecific 
effect of stress. 

The biochemical mechanism through which systemic stress thus predisposes 
the cardiac muscle to the production of necroses is not yet known. It is of 
considerable interest, however, that NaCl—which usually exerts a definite, 
though mild, desensitizing effect upon the production of an ESCN—augments 
the sensitivity of the heart to the production of necroses by stressor agents, such 
as forced restraint (**). We are now engaged in a study of this singular pheno- 
menon, but preliminary data suggest that, in the corticoid conditioned rat, 
stress can so alter metabolism that even a normally inert, or actually desensitiz- 
ing, Na-salt becomes an effective sensitizer. 


CONCLUSIONS 


The general conclusion that can be drawn from our investigations is that 
the myocardial necroses which occur without any morphological evidence of a 
vascular obstruction are largely, but not totally, nonspecific, in that they can be 
produced by many, but not by all, stressors. The concept of relative nonspecifi- 
city receives further support from the observation that certain factors sensitize 
(e.g., corticoids, Na-salts), while others desensitize (e.g., MgCl, KCl), the 
cardiac muscle for the production of necroses by a great variety of agents. In 
view of the facts just mentioned we assumed, as a working hypothesis, that non- 
specific stress occupies a key position in the pathogenesis of the necrotizing 
cardiopathies, and that the latter could consequently be regarded as “diseases 
of adaptation” caused by some derailment of the general adaptation syndrome. 

Our observations on the ESCN suggest that, during stress, an excessive 
production of corticoids or the undue activation of such steroids by certain 
electrolytes shifts may produce irreversible metabolic derangements in the 
cardiac muscle fibers, and thereby induce necrosis. The “fuchsinophilic dege- 
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neration” appears to be one of the earliest morphologically detectable manifes- 
tations of such biochemical disturbances in the myocardium. Inflammation is 
a secondary consequence of this same derangement, and, hence an integral part 
of the lesion. Since any sizeable focus of myocardial necrosis is secondarily 
invaded by inflammatory cells, it would only be misleading to distinguish shar- 
ply between cardiac necrosis and necrotizing myocarditis. Of course, inflam- 
mation may occur in the heart, as in any other organ, without being preceded 
by necrosis, but no matter how a necrotic focus is produced in the myocardium 
(e.g., by coronary occlusion, or thermocoagulation) , even in the absence of any 
exogenous chemical or microbe, the dead tissue is destroyed and removed by 
inflammatory cells. We empliasize these points because they suggest that whate- 
ver may be learned about the pathogenesis and prevention of cardiac necroses 
will also be applicable to at least some types of myocarditis, especially to the 
so called “nonspecific chronic myocarditis” that eventually develops in every- 
body who lives long enough. 

As it stands today, our hypothesis has two severe flaws: first, we have seen 
that several stressors (e.g., spinal-cord transection, bleeding, dinitrophenol) do 
not produce a necrotizing cardiopathy, even when the rats are optimally condi- 
tioned by corticoids and/or electrolytes; second, the postulated, common, meta- 
bolic derangement in the cardiac-muscle fiber, which we believe is induced by 
stress under certain conditions, has not yet been identified. 

Our concept is not offered as a final solution, but, despite its admitted 
weaknesses, it seems to be the working hypothesis most compatible with all the 
known facts. There is overwhelming evidence in support of the view that certain 
conditioning factors (corticoids, Na-salts) can predispose to the production of 
necrotizing cardiopathies by wholly unrelated stressors. As some agents capable 
of producing severe stress nevertheless fail to elicit pronounced myocardial 
necroses, this may be a promising lead for further investigations. For example, 
this fact suggest experimentation to verify whether there exist adaptive mecha- 
nisms that can protect the heart against necrosis when stress of a certain inten- 
sity is produced in a certain way. The same attitude must be taken with regard 
to the second point, namely, our present ignorance of the fundamental bioche- 
mical derangement that causes myocardial necroses. It would be gratuitous, at 
present, to elaborate a detailed biochemical theory of the necrotizing cardio- 
pathies. It is obvious, from the data summarized briefly in this paper that elec- 
trolyte shifts are important and it may be that the corticoids condition the cell 
by altering its affinity for certain ions—perhaps through changes in cell permea- 
bility. Our histologic observations suggest, furthermore, that some strongly 
fuchsinophilic material tends to accumulate in the myocardial fiber, just before 
necroses occurs. Whether the accumulation of the substance is the cause or 
the consequence of damage we do not know, but these are avenues for future 
research. 

The question arises whether this type of biochemical conditioning, which 
we recently established, could play a part in the pathogenesis of the cardiac 
infarcts that occur in man. It has long been known that in many cases of clinical 
cardiac infarcts (about 30-40 %) even careful examination of the coronary 
vessels failed to reveal any evidence of an acute obstruction. But some athero- 
matosis does commonly occur, and this may produce a partial occlusion or, at 
least, a rigidity of the vascular wall. Such changes could interfere with the 
vasodilatation necessary to supply increased amounts of blood to the heart, 
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when its requirements for oxygen and nutrients suddenly rise (e.g., during 
neuromuscular stress). It is conceivable, therefore, that, at times of stress, this 
increase in demand could cause myocardial infarction, despite the absence of 
an acute coronary occclusion. Thus, the biochemical derangement produced by 
stress, corticoids and electrolytes, that is all-important in the production of the 
ESCN, may also play a role in those cardiac infarcts of man that cannot be 
wholly explained by coronary occlusion. This view is further substantiated 
by the observation that systemic stress can precipitate an ESCN in animals 
suitably conditioned by a corticoid, just as it can cause cardiac infarcts in 
predisposed human beings. If this interpretation is correct, the prophylactic 
measures effective in the treatment of the ESCN (e.g., KC], MgCl.) may also 
be beneficial in the prevention of certain infarcts. 


SUMMARY 


After a brief review of our previous investigations concerning cardiopathies, 
more recent experiments are described that demonstrate the ability of diverse 
stressor agents to elicit manifestations of cardiac necrosis, in rats specifically 
“conditioned” for this type of response by treatment with 2 .«-methyl-9 « -chlo- 
rocortisol (Me-C1-COL). 

Results obtained from these experiments showed that: 

1) Me-Cl-COL alone failed to produce any cardiac necrosis. 

2) Pretreatment with Me-Cl-COL significantly increased the cardiotoxic 
effect of numerous, quite unrelated agents, 

3) As myocardial necroses can be elicited by such diverse agents, it may 
be concluded that these types of cardiac damages are a result of the nonspecific 
stress, 
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ON THE RELATIONSHIP BETWEEN END SYSTOLIC 
VOLUME AND VENTRICULAR MECHANICAL 
IMPULSE—A NEW LAW OF THE HEART 


J. L. Duomarco anp A. C, EsponpA 


(Institute of Pathology, Faculty of Medicine, Montevideo, Uruguay). 


F SUFFICIENT allowance is made for differences, the viscoelastic theory of the 
I muscular contraction is capable of yielding a fair interpretation of the 
cardiac activity. This theory must be revised (!: 5% 1) so as to comprise ideas 
starting from Fenn’s (*) and Stella’s (°) papers, but it is permissible to leave 
aside any correction when not too precise aspects of the physiological problem 
are considered. On this basis, according to “Starling’s laws” (*), the end diastolic 
volume has a decisive importance as far as the energy of contraction and the 
functional reserve of the heart is concerned. A less well-known point of the 
cardiac activity is the determinism of the end systolic volume, Some aspects of 
this problem have been analyzed by Holt (*) who has related the end systolic 
volume to end systolic pressure. The present paper deals with the relationship 
between end systolic volume and ventricular mechanical impulse; it is based 
on a comparative study of the pressure-time areas of two successive ventricular 
contractions: one iso-(or auxo-) tonic-isometric and the other totally isometric 
at the end volume of the first one. 


EXPERIMENTAL METHOD 


The technique is based on a similar one published previously (:*) and is self-explained 
in figure 1. The isolated toad ventricle is ligated in the atrial-ventricular groove to the neck 
of a glass funnel A, so that a common ventricular-funnel cavity is established. The funnel 
is wedged into another glass reservoir B, completely filled with Ringer solution. Stopcock C 
allows complete closure of this ambient, or its communication, by means of a_ three-way 
stopcock D, either with the burette E or with the finely graduated syringe F. The perfusion 
liquid is introduced in A, up to the thick part of the funnel (3cm ID.), and is made of 
blood taken from the aorta of the same animal, heparinized, and 50 % diluted with Ringer 
solution. Electrodes g excite the ventricle regularly, with instantaneous electrical shocks. This 
dispositive permits complete experimental control of the perfusion fluid, its reduction to a 
minimum, and its continuous oxygenation. The pressure curve obtained with manometer M 
is equal, but inverted, with regard to the intraventricular pressure curve. Calibration of ma- 
nometer M must be done “in negative’; the O lev.’ coincides with the funnel meniscus. The 


Received for publication, July 30th, 1958. 


A NEW LAW OF THE HEART 165 


Fic. 1. — Diagram of 
the experimental 
set-up. See text. 


sensitive manometer N records ventricular volume variations. Syringe F allows the calibration 
of this manometer, and the measurement of the end systolic volume. When stopcock C is 
closed, heart contraction is isometric; when reservoir B communicates with the burette it is 
isu-(or auxo-) tonic (this depends on the resistance in D); when stopcock C is closed in the 
course of a contraction, a two-phase, iso-(or auxo-) tonic-isometric contraction is obtained. 
Optical and electromanometers were employed. Heating or cooling reservoir B allows ex- 
periments to be performed at different temperatures, thereafter a good approximation has 
been reached between the thermometer ¢t, and another one introduced in the perfusion fluid. 


RESULTS AND DISCUSSION 


Figures 2 and 3 reproduce the pressure and volume records of some ex- 
perimental sequences, Pressure curves are inverted because of the technique 
employed. A first fact to consider is that contractions 4 and 5 are equal, irres- 
pective of the fact that they follow contractions of different type. This shows 
that in a regular series of contractions, the mechanical characteristics of each 
one does not influence the following one. ‘ 

Figure 4 results from the chronological superposition of three contractions, 
starting with excitation at instant O; namely: V) an isometric one at volume V; 
Vv) an initially isotonic (volume V to v) and thereafter isometric (volume v) ; 
v) a totally isometric at volume v. Curves v and Vv, after instant t, are isometric 
and correspond to the same volume v, but differ in the mechanical conditions 
during the interval O-t. It is evident that the relative position of the isometric 
segments, their crossing and the areas J and JJ, are a consequence of those dif- 
ferent mechanical conditions. The loss of pressure which is represented by area 
I can be imputed to viscosity, but it is difficult to explain in the same way the 
small area II. The unknown cause which determines areas J and JJ will be 
designated as “hysteresis”, Figure 5 shows that area J decreases for either too 
long or too short isotonic intervals. Figure 6 shows that temperature tends 
to increase area IJ at the expense of area J. Apart from these purely qualitative 
relationships, no other simple relationship seems to arise when the two isometric 
segments are compared. 

In the same figure 4 two other areas of pressure-time are limited; these 
are: area x between curves V and v and area y between curves V and Vv, With 
reference to the isometric contraction V, area x is the loss of pressure-time due 
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Fic. 2.— Three typical experimental sequences. P: pressure curve (inverted); V: volume curve. 
Numbers indicate the instant of the excitation referred to the signal at the bottom). 
Contractions 1 and 2 are isotonic. Contraction 3 is isotonic up to instant t and thereafter 
is isometric. Contraction 4 and 5 are isometric at the end volume of contraction 3. 
Important differences between areas 3 and 4 are observed when the isotonic interval 
varies (horizontal bar). 


to a determinate reduction of the isometric contraction volume, and area y is 
the loss of pressure-time due to the same reduction of volume, provided it occurs 
during an initial, isotonic phase of the same contraction. 
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Fic. 3.— Two sequences as in fig. 2, but contractions 1 and 2 are auxotonic and contraction 3 
is auxolonic-isometric, Great variations of the auxotonic interval produce scarce dif- 
ferences between areas 3 and 4. 


In figure 7 areas y are plotted against areas x for each experimental sequen- 
ce. All the sequences belong to two ventricles at different temperatures and 
with different isotonic intervals and are grouped in seven ventricle-temperatu- 
re series. The areas are expressed in percents of the greatest area x of each 
series. All points are contained in a narrow band, immediately above the 45° 
inclined line passing through “O” (line of equal areas) and describe a curve 
of slight downward concavity, Obviously as the isotonic interval tends towards 
O, areas x and y tend toward O; as the isotonic interval increases, areas x and 
y approach the limit imposed by area V, Between those limits, points main- 
tain themselves close to the line of equal areas. In a further analysis, the 
lineal functions corresponding to the 7 ventricle-temperature series have been 
calculated by the least squares procedure. The seven straight lines have a next 
to 45° inclination, and a small ordinate at the origin. They, thus, reiterate for 
each group of points, the same tendency of the whole. Functions seem not to 
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Fic. 4.— Superposition of contractions V (isometric at volume V), Vv (isotonic-isometric at 
volume V to v), v (isometric at volume v). See areas V, Vv and v; areas (x = V —v) and 
(y = V—Vv); and areas I and Il. See text. 


differ on account of temperature and, consequently, this factor does not influen- 
ce the relationship between areas x and y. It can be deduced from these 
results a clear tendency towards equality of areas x and y, and, at the same time, 
a systematic cause maintaining a certain difference in favor of areas y. A 
simple transformation shows that the relationship between areas x and y depends 
exclusively on that between areas v and Vv (fig. 4). 

In fact, from V—v=V—Vv 

it results v=>Vv (*) 


(*) It is for purely circumstantial reasons that in figure 7, it is areas x and y, while in 
figure 8, it is areas v and Vv which were compared. 
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Fic. 5.—Areas 1 and Il in 6 experiments with different isotonic intervals. Bottom: algebraic 
sum of the areas. See text. ' 
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Fic. 7. — Comparison 
of areas x and y. 
Data from 2 ven- 
tricles at different 
temperatures, with 
different isotonic 
intervals, Curves 
and equations cor- 
respond to each 
ventricle - tempera- 
ture group. Areas 
are expressed in % 
of the greatest area 
x of each group. 
See text. 
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In figure 8, areas v and Vv are compared, Data belong to one ventricle. 
Temperature, resistance D and iso-(or auxo-) tonic interval have been varied. 
Areas are expressed in percents of the maximal isometric area that has been 
obtained at the lowest temperature (9° C). As expected, there is a tendency 


Fic. 8.— Comparison 
of areas Vv and v. 
Data of a ventricle 
at two temperatu- 
res. Each curve 
corresponds to a 
resistance D and to 
different values of 
the auxotonic in- 
terval. Arrows indi- 
cate expected rela- 
tive proximiiy of 
the curves to the 
line of equal areas 
according to resis- 
tance D. Areas are 


expressed in % of 
the greatest area x. 
See text. 
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towards the equality of areas an a difference in favor of area v. Points corres- 
ponding to each resistance D determine upward concave curves whose extre- 
mities tend to join the line of equal areas. When resistance D increases, curves 
are shorter and are placed closer to that line. ‘There is no clear influence of tem- 
perature on the position of the different curves. 

The fact that the curves corresponding to a greater resistance D are closer 
to the line of equal areas, appears clearly from the comparison of figures 2 and 
3. In fact, in fig. 2, with a small resistance D, when the isotonic interval in- 
terval increases, the difference in shape and relative size of areas 3 (= Vv) 
and 4 (=v) also increases. Meanwhile, in figure 3, with greater resistance D, 
large variations of the auxotonic interval, scarcely affect shape and size simi- 
larities of areas 3 and 4. 

Two corrections tend to approximate areas v and Vv, though in very reduced 
terms, namely: 

a) It can be claimed as being preferable to compare force-time areas instead 
of pressure-time areas, According to a Holt’s (“) development, based on Laplace’s 
equation, the tangential force (F) exerted by all ventricular fibres can be cal- 
culated as a function of the intraventricular pressure (P), the radius (R) of 
the ventricular cavity, which is assumed to be spherical, and the maximal cir- 
cumference (C) of the same cavity, acording to the expression 

F=PRC (*) 
It is understood that R and C are constant in isometric contractions and, con- 
sequently, force and pressure curves are superposable (provided a convenient 
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hic. 9.— Contractions v and Vv expressed in pressure (solid and broken lines) and in force of 
a maximal ventricular section (dotted line). Amount of corrections a and b,. See text. 


(*) From that equation, it results that 
k K 3 q\ 
F= PR? = 
where the radius is calculated as a function of the internal ventricular volume Q and the 
ventricular mass q (F is expressed in dynes; P in mm of Hg; Q in cm*; q in gm). Constant 


K is expressed by 
13.6 x 980 x 3.14 


K ( 1610.5 
10 4x 3.14 
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Ex. F 
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Fic. 10.— Theoretical model. Force curves (solid line}; length curves (broken line); isometric 


reference curve (dotted line). 


ordinate scale relationship is adopted). On the contrary, during the isotonic 
interval of contraction Vv, the force curve must be calculated in each instante 
on account of the ventricular volume variations. Figure 9 shows that the small 
area a is the only difference between force and pressure areas. 

b) In fact, in the experimental set-up (fig. 1), the difference of pressure 
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between B and A reservoirs has been taken as intraventricular pressure. This 
value is correct during the isometric interval, but is subestimated during the 
iso-(or auxo-) tonic interval. This subestimation is the pressure moving the 
liquid from the ventricle to the funnel during the isotonic interval, The amount 
of this correction is relatively insignificant (area b in fig. 9) (*). 

The rationale of the observed facts can perhaps be understood by means 
of the theoretical model that has been developed in figure 10. An elastic band 
is excited in instant O, contracts during a certain time, and returns to the 
initial state. Force and length curves of the elastic band are recorded. 10-A 
shows an isometric contraction at length £. Logically, the elasticity factor varies 
according to the pressure curve. In 10-B the band is stressed by a small weight / 
in a certain stretch A £. Because of excitation the band contracts isotonically 
as far as tops m and then isometrically at leagth f. If the band is supposed to 
have a perfect elasticity, the shortening must be very rapid; for instante, it 
must be complete at instant, 7, because, in this moment to the force f corres- 
ponds length £ (more length in this instant would signify a reduction of the 
elasticity factor) . It is to be noted that force-time areas of contraction A and B 
are practically identical. In 10-C the elastic band is supposed to possess great 
viscosity and consequently, the shortening and lengthening intervals under force 
f are prolonged. The result is an important reduction of the contraction area. 
In 10-D force f is substituted by a spring. The stress of the spring is f during 
rest but it is greater during shortening and lengthening intervals; it prolongs the 
former and shortens the latter. An at least partial recuperation of the pressure- 
time area is observed. It can be deduced from this development that the sole 
viscoelastic theory of the muscular contraction can roughly anticipate the ex- 
perimental facts, even though for a perfect quantitative adjustment that theory 
may be insufficient. 


COMMENTS 


From the analysis of the reported experiments results that, in a regular 
series of ventricular contractions, the pressure-time areas of two contractions, 
one isometric and the other auxotonic- isometric, both with the same end 
systolic volume, tend to be equal. Both contractions tend to differ by virtue 
of hysteresis, and tend to reapproximate to each other in proportion to the 
pressure during the auxotonic interval. It can be deduced that the proximity of 
the areas must be closer when the two contractions are auxotonic-isometric, and 
even closer when they are of the physiological type, because of higher similarity, 
independently of the end diastolic volumen, and provided they have the same 
end systolic volume. 

The mechanical impulse (J) yielded by the ventricle to the arterial system 
during the systole (TJ) is expressed by 


T 
PdT 


(*) The mean pressure P (mm Hg) which moves the intraventricular liquid M (cm*) 
through the section § (cm*) funnel hole, during the isotonic interval T (s) has been calculated 
by the formula: 


P—=KM/T?S 
(K = 10 / 13.6 >< 980 — 1 / 1333) 
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where § represents the arterial cross-section supposed to be constant, and the 
rest, the intraventricular pressure-time area, As this area is a biunivocal function 
of the end systolic volume, it can be deduced that, when any physical, chemical 
or physiological variation is excluded, the mechanical impulse of the ventricular 
contraction depends on the end systolic volume, in a similar way as, according 
to Starling’s law, the energy of the contraction depends on the end diastolic 
volume. Both relationships are implicit in the viscoelastic theory of muscular 
‘contraction, and have an approximate scope. It rests to be. established the 
function which rules the dependence between pressure-time area and end systolic 
‘volume. 


SUMMARY 


In a regular series of contractions of an isolated toad ventricle, autotonic- 
isometric and totally isometric contraction areas tend to be equal, when they 
have the same end systolic volume. Both areas differ by virtue of hysteresis and 
tend to approach each other in proportion to the auxotonic interval pressure. 

It can be deduced that two contractions of physiological pattern, with the 
same end systolic volume (irrespectively of the end diastolic volume) , are very 
similar from their pressure-time area point of view and that the mechanical 
impulse of a ventricular contraction depends primarily on the end systolic ven- 
‘tricular volume. 
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CHRONIC ARTERIAL HYPERTENSION IN 
HEMINEODECORTICATE RATS 


M. R. Covian, S. Gomes Lins* AND J. ANTUNES RODRIGUES 


(Department of Physiology - Ribeirao Preto Medical School 
University of Sao Pailo - Brasil) 


T HAS been shown that hemidecortication in rats results in a transient arterial 
I hypertension that falls temporarely by the administration of sympathico- 
lytic drugs 

In an attempt to localize the cerebral region responsible of this hyperten- 
sion, rats with ablation of neocortex and archicortex were studied. 


MATERIAL AND METHODS 


White rats weighing 150-200 g were used. The operating procedure has been 
described previously ('). In the present work the neocortex was sucked away 
in one group of 38 rats and the archicortex in another group of 60 rats, both 
on the left side. Figures | and 2 show the operation performed, Arterial blood 
pressure was measured weekly by the method of Williams, Harrison and Groll- 
man (?). Rats with blood pressure over 120 mm Hg were considered hyperten- 
sives. Every group was compared with a group of control rats that underwent 
a sham operation. 

Blood pressure was determined during 20 weeks after the operations; in one’ 
group of hemidecorticate rats the remaining neocortex was sucked away at 20 
weeks after the first operation and blood pressure measured during another 
period of 20 weeks. 


RESULTS 


Hemineodecortication: In this group the survival was 100 %. The rats lost 
12g of weight on the average during the firts 3 days, but it was regained in 10 
days. Twenty four of the operated rats (63 %) developed hypertension; the 
average value and the fiducial limits of the mean of these rats are represented 
in figure 3 (full line) compared with 34 controls (broken line). It can be seen 
that 3, 2 and 1 week before the operation the average value was 106, 108 and 
106 mm Hg for 72 rats. The rats with removal of neocortex developed hyper- 


* Fellow from the Conselho Nacional de Pesquisas. Present address: Department of Neuro- 
logy - School of Medicine - Recife - Brasil. 


Fic. 1.— Photographs to illustrate the hemineodecortication performed. On left: dorsal view. 
On right: ventral view. 


Fic. 2.— Photographs to illustrate the hemiarchidecortication performed. On left: ventral view. 
On right: dorsal view. 
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tension that started at the first week after the operation and rose gradually and 
was maintained during the 20 weeks of observation, the higher value being 
141 mm Hg. No sexual difference was observed. Control rats maintained their 
blood pressure within normal values. Table | shows the values of the blood 
pressure obtained in both group of rats. 
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Fic. 3.— Average blood pressure and its fiducial limits of 24 hemidecorticate rats (HND) (full 
line) and 34 control rats (C) (broken line). Arrow shows time of hemidecortication and 
craneotomy. 


In the previously operated group, removal of the remaining neocortex 
was made 20 weeks after the first operation. There was no change in the blood 
pressure either in the hypertensive or normotensive rats. Figure 4 shows the 
result obtained in one rat that underwent a double operation (full line) and 
their correspondent control (broken line). In this rat the hypertension started 
on the second week after the first operation with a value of 155mm Hg and 
then maintained its high values with oscillations, the highest value being 
175mm Mg reached at 12, 16 and 20 weeks. After the second operation was 
performed there was no significant change during the 20 following weeks. 


TABLE I 


Changes in blood pressure of hemineodecorticate (AND) and hemiarchidecorticate (HAD) 
rats compared with controls (C) (mmHg) 


GROUP N° of WEEKS 
END 24 122 129 132 131 132 130 135 136 141 135 137 139 137 139 140 141 137 132 139 
C 34 107 101 111 108 110 113 113 113 112 114 115 115 115 112 112 112 
HAD 24 100 105 105 103 96 95 99 93 101 105 104 107 111 111 104 105 108 
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Fic. 4.— Blood pressure of one neodecorticate rat (HND) (full line) and its control (C) (broken 
line). First arrow: left neodecortication. Second arrow: right neodecortication, 


Hemiarchidecortication: In this group the survival was 40 % The rats lost 
23 g of weight on the average during the first 3 days and from then on, they 
regained it gradually in 20 days. The blood pressure changes are shown in fi- 
gure 5 (full lines) where it can be observed that there was a transient hypo- 
tension between 5 and 10 weeks, the lowest value being 93 mm Hg at 8 week. 
Control rats are represented in broken lines. Table 1 shows the value of the 


blood pressure of this group of rats. 


DiscuUssiION 


The role that the cerebral cortex plays in the regulation of the cardiovascu- 
lar system is known since the works done by Schiff (*). Since then many in- 
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hic. 5.— Average blood pressure and its fiducial limits of 24 hemiarchidecorticate rats (HAD; 
(full line) and 34 control rats (C) (broken line). Arrow shows time of hemiarchidecor- 
lication and sham operation. 
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vestigators have observed changes in the arterial blood pressure by electrical 
stimulation of several areas of the cerebral cortex in animals or man. 

The direct relationship between cerebral cortex and hypothalamus has 
been shown by Ward and McCulloch (*), and on the other hand evidence of 
hypothalamic representation of the sympathetic system is a known fact. Unila- 
teral stimulation of the hypothalamus determines a rise in blood pressure in 
anesthetized cats (°). It has been also proved that the amigdaloid complex has 
a modulatory action on the hypothalamus according to different authors (® 11) . 

In view of the results here presented the following working hypothesis can 
be advanced: there is a neocortical inhibitory influence on the hypothalamus 
regarding sympathetic function exerted directly and indirectly through the 
amygdaloid complex which in turn exerts in this regard an excitatory action 
on the hypothalamus. In neodecorticate rats the neocortical inhibitory influence 
has been supressed thus releasing the hypothalamus and the amigdala, two 
factors that result in an increased activity of the hypothalamus, revealed in this 
case by an increased arterial blood pressure. The presence of the permanent 
excitatory action of the amygdala would account for the chronic hypertension 
and its absence in the hemidecorticate rats would explain the transitoriness of 
the hypertension previously reported, 

SUMMARY 

Arterial hypertension developed in 63 per cent of hemineodecorticate rats; 
it started in most of them on the week following operation and lasted up to 
the end of the experiment (20 weeks) . 

The neodecortication of the remaining hemisphere did not cause any change 
in blood pressure: the already hypertensive rats remained hypertensive without 
significative change and the normotensive did not increase its blood pressure. 
The study during 20 weeks after the second operation increased up to 40 weeks 
the time of observation of one group of hipertensive rats. 

Hemiarchidecortication results in a transient fall of the blood pressure between 
the 5 and 10 weeks following operation. 

It is suggested that the hypothalamus and the amygdala are released from 
the restraining action of the neocortex thus resulting in an increased activity 
of the hypothalamus which is maintained by the excitatory action of the released 
amygdala. 
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THE DOMESTIC CAT AS A LABORATORY ANIMAL 


FOR EXPERIMENTAL NUTRITION STUDIES 
V. — SOME DATA ON NUTRITIONAL REQUIREMENTS, BIOCHEMICAL 
AND PHYSIOLOGICAL VALUES AND ORGANS WEIGHT 


ALBERTO CARVALHO DA SILVA, NEVIO PIMENTA, REBECCA CARLOTA 
DE ANGELIS AND MARiA APPARECIDA PONTES 


(Departments of Physiology* and Biochemistry **, Faculdade de Medicina da 
Universidade de S. Paulo, S. Paulo, Brazil) 


LTHOUGH the domestic cat has been largely used as an experimental animal, 
A information on biological values is very scarce; some valuable references 
were collectected by Albritton ¢': 7); the endocrinology of reproduction has been 
reviewed by Dawson 

Dickson and Scott (141) studied the adequate protein level for growth and 
reproduction and reviewed the literature on this subject. 

On the sequence of our experiments about the nutritional requirements of 
this species, we have had the opportunity to collect a reasonable amount of 
data most of them on purified diets. 

Even though they are not complete, we feel that they should be offered to 
other investigators in order to facilitate their work. 


METHOpDs 


The handling of the animals, the growth rate and hematological values on 
stock and purified rations and the techniques to collect blood, feces and urine, 
have already been described (Carvalho da Silva (8) ; Carvalho da Silva, Fried 
and De Angelis (*); Carvalho da Silva, De Angelis, Pontes and Guérios (!°) ; 
Carvalho da Silva and Pontes ("). 

The stock and purified rations used to collect the data reported on the 
present publication have the following percentage compositions; stock ration: 
crude casein, 10; compressed oats, slightly cooked, 20; cooked and mashed pota- 
toes, 15; ground lean beef muscle, 20; sardines, eviscerated and steamed, 20; 
lard, 10; bone meal, 2 and cod liver oil, 3. Purified ration: vitamin free casein, 
35; gelatin, 2; peanut oil, 10; lard, 10; salt mixture IV (Phillips and Hart) (**), 
5; sucrose, 38. The purified ration was supplemented with vitamins adminis- 
tered separately. One mg each of thiamine, riboflavin, pyrydoxine, vitamin K 
and para-amino-benzoic acid; 4 mg of calcium pantothenate; 10mg of niacin; 
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0.5 mg of folic acid; 0.5 mg of d-biotin; 20 mg of inositol and 300 mg of choline 
were dissolved in 1 ml of water, emulsified in 2 ml of cod liver oil and the 
mixture given by mouth to each animal three times a week; once a week, 15 mg 
of alpha tocopherol were added. 

The following chemical methods were used: blood glucose (Folin and 
Svedberg) (17); plasma proteins, by microkjehldal, with distillation over 4% 
boric acid and back titration with 0.02 N SOsH2 (Hawk, Oser and Summer- 
son) (**); blood urea: acid hydrolysis (Cavalcanti and Sonnleithner) (*) ; blood 
nonprotein nitrogen (Folin and Wu) ('%); plasma calcium (Halverson and 
Bergeim) (*!); plasma inorganic phosphorous (Bodansky) (*); plasma and red 
cells chorides (Eisenman) (!*); blood total cholesterol (Grigaut) (}%); plasma 
potassium and sodium* (Hald) (*°); plasma, red cells and adrenal ascorbic acid 
(Roe and Kuether) (*°); red cells DPN (Levitas, Robinson, Rosen, Huff and 
Perlzweig) (**); plasmatic iron (Teixeira Mendes and Germeck) (7%); blood 
pyruvic acid (Bueding and Wortis) (“); blood lactic acid (Barker and Sum- 
merson) (*); total liver and fecal fat (Van de Kamer, Bokkel Huinink and 
Weyers) . 

Plasma and blood volumes were determined by the Evans blue (Carvalho 
da Silva, De Angelis, Pontes and Guérios) (!”) ; total water volume was evaluated 
by the antipyrine method (Brodie) (°); 50mg of antipyrine per kg of body 
weight, were dissolver in 5 % glucose, and injected into the peritoneum; blood 
samples were collected from the saphena magna, before and 1-1,5-2 and 2,5 
hours after the injection (Carvalho da Silva and Pontes) (?"). 


RESULTS 


a) Protein requirements. The influence of the casein level of purified 
rations (22%, 35% and 45%) was studied on a group of 17 growing cats, 
during 21 days (Table I). The variations on the protein level were compensated 
by modification of the sucrose percentage, on a weight basis. It is evident from 
table I, that 22 % casein is inadequate for growth but 35 or 45 % casein pro- 
duce identical results. 

In accordance with these high protein requirements it was observed that 


TABLE I 


Weight gains of growing cats after 21 days on purified rations, with 22%, 35% and 45% 
of casein 


Group Number of Casein level | Initial body | Body weight (g) Weight 
animals | weight (g) | after 21 days Difference (g) 
| 

I 5 22% | 1.506 1.438 | — 68 

II } 6 35% | 1.232 1.430 | + 198 

Ill 6 45 % | 1.328 1.518 | + 190 


* Plasma K and Na were determined by Prof. A. B. Ulhéa Cintra. 
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TABLE II 


Food and caloric consumption and fecal caloric value of cats on purified diet. with 35 % 
casein (100 g of dried ration = 480 cal.) 


Growing | Adults 


| 
Average initial body weight ...........0-2sc0-ssessee 700 ¢g 3.197 g 
Average daily food intake per cat ..............+.++- 38.1 g 65.6 g 
Average daily food intake/kg body weight .......... 33.1 g 198 g 
Daily caloric consumption/cat) ee 179.7 cal. 315.5 cal. 
Daily caloric consumption/kg body weight .......... 158.7 cal. 94.4 cal. 


growing cats lose weight when placed on a cooked vegetable ration composed 
of equal parts by weight of compressed oats, dried beans, polished rice, dried 
split peas, and peanut meal, supplemented with 10% peanut oil, 4% bone 
ash, | % sodium chloride, and a complete vitamin supplement as given to the 
animals on purified ration: Vitamin By», liver extract* (1 ml), methionine (2g 
daily), DL tryptophane (1.8g daily), lysine (1.0g daily) and cystine (1.0g 
daily), did not produce weight response. when given separately. However, 
Dickson and Scott ('#;15) also observed that, on a mixed natural diet, with fish 
and liver as principal protein sources, at least 30 % of protein was necessary to 
support growth on young cats. 

It has been observed (Carvalho da Silva) (*), that the cat grows faster on 
a stock ration than on purified diet with 35 % casein. Tentatives to improve 
the growth rate on purified ration by supplementing with raw beef liver, raw 
sardine, brewers yeast, were ineffective, although occasional growth responses 
could be cbserved during the periods of supplementation. In another experi- 
ment, 8 male cats about 10 weeks old, average weight 674g (590 to 755) were 
maintained on purified ration during 160 days. After this period, the four 
animals with the least weight gains (average weight | 280g) received 0.2 ml of 
liver extract* daily, i. musc., during 21 days; the other cats (average weight 
1852g) were kept as controls Thirty five days after the beginning of the 
supplementation period, the treated animals exhibited an average weight of 
1532 g and the control group 2 257g. Although the growth rate of the sup- 
plemented group was improved, it did not reach the growth rate of the control 
animals and was still very far from the performances on stock rations (average 
weight for males after 28 weeks on experiment, 3 190g, Carvalho da Silva) (*). 

b) Caloric consumption and fecal caloric value on purified diet. The 
food intake of growing cats on purified diet was measured during 12 weeks on 
17 animals caged in groups of two or three. Identical observations were carried 


* Reticulogen “Lilly”. 
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on 6 males caged individually, during five weeks. In this last group, the feces 
of each animal were collected daily and accumulated in the deep freezer 
(—10° C). The caloric consumption was calculated from the composition of the 
diet. The caloric value of the feces was determined on the pooled samples of 
each animal, on the calorimetric bomb, after careful homogeneization and dry- 
ing. The results are summarised on table II. 

Observations on the food consumption of cats specially for growing animals 
on purified diets must be conducted during long periods in view of the large 
daily variation. The amount of food necessary to maintain weight has not been 
determined with precision; on preliminary experiments, adult cats were able to 
maintain their weight after an initial loss of 100 to 200 g, when receiving 36 g 
of purified diet daily (aproximately 14 g/kg of body weight) . 

c) Biochemical data, blood and plasma volume, total body water. These 
results are summarised in table III. Blood was obtained from the saphena magna 
without anesthesia, or from the heart after anesthesia with nembutal intra- 
venously (40 mg/kg of body weight). For adrenal ascorbic acid and liver fat 
determinations, the animals were anesthetised, bled at the heart, the abdominal 
cavity opened and the organs retired and wiped with filter paper: liver was kept 
in the deep freezer until used and the adrenals were immidiately homogenized 
(Potter and Elvehjem) (7°) with metaphosphoric acid and assayed for ascorbic 
acid. 

d) Weight of the organs. The weight of different organs and its relation 
to the body weight on adult cats maintained on purified ration are presented 
in table IV. The organs were removed after anesthesia with intra-venous nem- 
butal and bleeding at the heart, wiped with filter paper and weight on triple 
beam or torsion scale. As the data on stock ration ade uncomplete and in 
smaller number, they are not presented. However, the relationship between 
organ weight and body weight were identical to the values observed on purified 
ration, with two exceptions: higher values for heart (average 0.30 % of body 
weight, range 0.34 to 4.47 on 7 cats) and lower values for liver. 


DISCUSSION 


Most of the results obtained are identical for adult cats raised on stock and 
on purified diets. Two important differences however were observed: lower 
values for inorganic blood phosphorous and fatty livers on the animals on 
purified ration. 

The lower values for inorganic phosphorous with normal calcium levels 
suggest a low vitamin D intake. Although the animals on purified ration 
received 2 ml of cod liver oil on alternate days, this was a commercial wholesale 
product without specifications for its vitamin D content. 

The presence of fatty livers on animals receiving 35 % casein, and 0.3 g of 
choline and 0.03 g of inositol on alternate days indicated that the requirements 
of the cat for lipotropic factors should be investigated. 

As the vitamin supplement used did not contain ascorbic acid the presence 
of normal values of this vitamin on blood and adrenals of animals on purified 
ration indicates a synthesis by the tissues. 


SUMMARY 


Growing cats were not able to maintain their weight on 22 % casein but 
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identical growth rates were obtained on 35 or 45 %. Vegetable rations did not 
promote growth unless suplemented by casein or egg white. Occasional supple- 
mentation of the purified ration by beef liver, raw sardine and brewers yeast 
did not improve the growth rate on purified rations with 35 % casein; 0.2 ml 
Reticulogen daily for 21 days, produced a slight but not impressive improvement 
on growth, 

Data are supplied on: average food intake, blood glucose, plasmatic pro- 
teins, blood urea, blood nonprotein N, plasmatic calcium and inorganic phos- 
phorous, plasma and red cells chloride, blood cholesterol, plasma sodium and 
potassium, red cell, plasma and adrenal ascorbic acid, red cells DPN, plasmatic 
iron, blood pyruvate and lactate, total liver and fecal fat, plasma volume, blood 
volume, total body water and organs weight. 

Low inorganic blood phosphorous with normal blood calcium and fatty 
livers were observed on purified ration. 


RESUMO 


O nivel de 22 % de caseina nao é suficiente para manter o crescimento de 
gatos jovens. Com 35 % au 45 % o ritmo de crescimento €é satisfatério, e egual 
para estes dois niveis. Embora o crescimento em 35 % de caseina seja inferior 
ao que se obtém em dieta natural, ele nao é melhorado com suplementos de 
figado cru, de sardinha crua, ou de levadura de cerveja. Uma ligeire melhora 
foi observada com 0.2 ml de Reticulogeno i.m. por dia, durante 20 dias. Em 
racgdes vegetais s6 se observou crescimento quando se incluiu caseina ou clara 
de ovo séca. 

Apresentam-se dados sobre: consumo de alimento, peso de orgaos, volume 
de agua total, volume total de sangue e volume plasmatico, gordura hepitica, 
gordura fecal, vlaor calérico fecal, Acido ascérbico em suprarenal, e alguns niveis 
bioquimicos em plasma (proteinas, calcio, cloretos, potdssia, sédio, acido ascoér- 
bico, ferro, fésforo inorganico) , em glébulos vermelhos (DPN, dcido ascérbico, 
cloretos) e em sangue (glicose, urea, nitrogénio niio proteico, lactato, piruvato 
e colesterol) . 

Em dietas purificadas completas os animais apresentam um apreciavel 
aumento da gordura hepatica total, 
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ACCION DE LAS INYECCIONES DE INSULINA 
SIMPLE PRACTICADAS EN LA VENA PORTA, 
SOBRE LA GLUCEMIA DE PERROS 
DIABETICOS ALOXANICOS 


TomAs DurAN QUEVEDO, RUBEN DE VELASCO CASTELLANOS, EUGENIO 
BALLESTEROS, GABRIEL PASCUAL ANAYA Y LAZARO VIGOA ARANGUREN 


(Instituto de Fisiologia “Solano Ramos”, Escuela de Medicina, 
Universidad de La Habana, Cuba) 


S' HA PUBLICADO recientemente que la insulina pierde su efecto hipogluce- 
miante cuando se inyecta en la vena porta de perros diabéticos aloxani- 
cos (!), es decir, cuando aquella hormona atraviesa el higado, para alcanzar 
la circulacién general. El autor del mencionado trabajo coloca un tubo en T, 
de goma, en la vena porta, lo que permite a voluntad introducir la insulina 
en el torrente circulatorio del perro por aquella vena: utilizé cantidades de 2, 
5, 10 y 20 unidades de insulina regular de la casa Lilly, en perros que pesaban 
desde 15 hasta 25 kilogramos, pero el autor no expresa la proporcién de insulina 
por kilogramo de peso inyectada en cada caso. 

Hemos repetido estas experiencias con el afan de confirmarlas. Variamos 
un tanto la técnica, pues la colocacién del tubo en T en la vena porta nos 
parecié un procedimiento engorroso y no indispensable, sin contar con la posi- 
ble coagulacién intravascular. Procedimos, pues, a inyectar la insulina simple 
en la vena porta, usando una jeringuilla bien calibrada, bajo anestesia y lapa- 
rotomia previa del animal. En cada caso valoramos exactamente la cantidad 
de insulina inyectada, por unidad de peso del animal. 

Utilizamos doce perros normales, doce perros diabéticos aloxanicos. dos 
perros diabéticos espontaneos, y dos perros aloxanizados que no se hicieron 
diabéticos. En cada caso se valoraron antes de la inyeccién de insulina, a los 
10 minutos y a los 30 minutos después de la inyeccién, la glucidemia (*) (glu- 
cidos reductores) y la levulosemia (*). La cifra de glucosa verdadera se obtiene 
por diferencia entre la glucidemia y la levulosemia. 

Experiencias en perros normales 

En perros normales nembutalizados se inyecté insulina simple en Ja vena 
porta. Comenzamos por 3 unidades de insulina simple por Kg de peso del 
animal, y la dosis fué gradualmente reduciéndose en los perros sucesivos, hasta 
llegar a 0.44 unidad por Kg. Se utilizaron las insulinas simples de las marcas 
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TABLA I 
PERROS NORMALES 
GLUCEMIA LEVULOSEMIA 
en mg x 100 ml en mg x 100 ml 
M 13.18 40 Lilly 3.0 81 77 26 42 2.8 2.7 
= 2 M 6.82 20 Organon 2.90 55 42-8 3.0 26 22 
5 M 7.72 20 Organon = 2.60 57 35 27 3.3 4.6 3.4 
4 H 18.12 40 Lilly 2.20 80 65 38 4.6 8.7 3.9 
5 M 5.0 10 Novo 2.00 87 66 49 3.2 3.1 3.1 
6 M 4.55 8 Lilly 1.76 82 66 34 33 3.1 3.4 
7 M 9.10 15 Lilly 1.66 55 74 56 75 11.0 13.0 
8 M 14.55 20 Lilly 1.374 75 75 $9 4.0 3.8 3.5 
9 M 14.55 20 Lilly 1.374 54 69 28 3.7 2.4 y 4 
10 M 6.36 6 Novo 0.95 80 80 53 1.8 1.6 15 
lI M 10.9 8 Novo 0.74 67 51 30 4.2 3.6 3.6 
12 M 11.36 5 Novo 0.44 56 30 31 3.7 3.7 3.4 


Lilly, Novo y Organén. En todos los casos, la respuesta, a los 30 minutos, fué 
de franca hipoglucemia, precedida, a veces, a los 10 minutos, de hiperglucemia. 
En el cuadro | aparecen tabulados los datos experimentales. 


TABLA II 
PERROS DIABETICOS ALOXANICOS 
GLUCEMIA LUVELOSEMIA 
en mg x 100 ml en mg x 100 ml 
g 337 $5 322 ssi ssf 
13 M 7.72 20 Lilly 2.6 194 212 100 5.7 4.8 4.8 
14 H 8.64 20 Organon 2.32 117 117 112 44 44 44 
15 M 10.45 20 Lilly 1.92 675 668 632 23.1 23.5 24.4 
16 M 12.3 20 Lilly 1.63 520 560 388 11.1 10.2 8.4 
17 M 12.70 20 Lilly 1.58 284 210 82 4.2 44 3.6 
18 M 20.80 30 Lilly 1.44 410 355 345 73 7.3 6.4 
19 M 7.27 8 Novo 1.1 105 79 60 8.0 6.2 55 
20 M 7.72 8 Novo 1.04 130 82 49 8.3 8.8 7.7 
21 H 7.3 6 Novo 0.82 138 130 90 3.3 3.0 3.0 
22 M 7.72 3 Novo 0.39 220 156 71 49 4.6 3.6 
23 M 10.0 2.5 Novo 0.25 117 69 30 4.9 4.4 4.2 
5 Novo 0.14 318 284 275 6.1 5.5 5.5 
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TABLA III 
PERROS DIABETICOS ESPONTANEOS 
GLUCEMIA LEVULOSEMIA 
en mg x 160 ml en mg x 100 ml 
gs 35 is is 
25 M 5.45 20 Lilly 3.67 102 94 78 3.0 2.9 3.0 
26 H 3.18 6 Lilly 1.89 143 117 75 4.3 3.6 3.6 


Experiencias en perros diabéticos aloxdnicos 

En perros diabéticos aloxanicos nembutalizados, se inyecté insulina simple 
en la vena porta. Se comenzé por 2.60 unidades de insulina simple por Kg 
de peso del animal, y la dosis fué progresivamente reduciéndose en los perros 
sucesivos, hasta llegar a 0.14 unidad por Kg. Se utilizaron las insulinas simples 
de las casas Novo, Lilly y Organon, con una invariable respuesta hipogluce- 
mica, a veces precedida de hiperglucemia. El cuadro 2 resume los datos experi- 
mentales. En este cuadro es preciso advertir que el perro + 14 fué aloxanizado 
tres veces, porque las dos primeras no respondié al aloxan, y parece que su 
resistencia al aloxdn se tradujo también en una resistencia a la insulina, pues 
claramente se ve que, en este caso particular, la hipoglucemia observada fué 
muy pequena. La perra + 21 estaba encinta, 
Experiencias en otros perros 

En dos perros diabéticos espontaneos y en otros dos perros aloxanizados 
que no se hicieron diabéticos, realizamos iguales experiencias con idénticos 
resultados. Las tablas 3 y 4 presentan los datos experimentales al respecto. 


RESUMEN Y CONCLUSIONES: 


Se estudia la accién de la insulina simple, inyectada por la vena porta a 
perros normales, diabéticos aloxanicos, diabéticos espontaneos y aloxanizados 


TABLE IV 
PERROS ALOXANIZADOS QUE NO SE HICIERON DIABETICOS 
GLUCEMIA LEVULOSEMIA 
en mg x 100 ml en mg x 100 ml 

27 M 7.27 30 Novo 4.13 90 68 37 3.5 2.6 2.6 
28 H 7.27 4 Novo 0.55 65 29 25 4.6 4.6 4.6 
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no diabéticos. Los resultados obtenidos, trabajando en las condiciones experi 
mentales sefialadas, han sido los siguientes: ; 

Primero: En cuanto a la glucosa circulante, se present siempre, tanto er 
los perros normales como en los diabéticos aloxanicos, en los diabéticos espong 
taneos y en los aloxanizados no diabéticos, una franca hipoglucemia a los 39 
minutos, precedida en algunos casos de ete eee en los 10 primeros 
minutos, 

Segundo: En lo que se refiere a levulosemia, les hallazgos han sido muyfy 
variables. En los perros 1, 2, 5, 6, 8, 9, 10, 11, 12, 13, 16, 18, 19, 21, 22, 23, 2 
26 y 27, se aprecia un ligero descenso; en los perros 7 y 15, hay una elevaci® 
sostenida; en los perros 3, 17 y 20, una elevacion inicial; en los perros 4 y 25, 
una caida inicial con elevacién posterior; y en los perros 14 y 28, el nivel se 
mantiene practicamente igual durante toda la prueba. 


SUMMARY 


This report is concerned with the effects of injecting regular insulin in 
the portal vein of anesthetized dogs. 

We used 12 alloxanized diabetic dogs; 12 normal dogs; two spontaneously 
diabetic dogs; and 2 non-diabetic alloxanized dogs. 

The insulin injected varied from 0.44 to 3 units per Kg, in the onaas: Ye" 
dogs; and from 0.14 to 2.60 units per Kg in the normal dogs. 

In all cases the result was hypoglycemia. 

The levulemia curves varied from case to case. 
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ARGINASE: EFFECTS OF MECHANICAL AGITATION 
AND OF ULTRASONIC RADIATION 


C. BERTRAND THOMPSON AND M. A, PATETTA QUEIROLO 


(Instituto de Ciencias Fisiologicas y Depto. de Biofisica, Facultad de Medicina, 
Universidad de Montevideo, Uruguay) 


ie view of the widespread of ultrasonic radiation for various therapeutic 
purposes (neuralgic conditions, rheumatism, etc.) and the importance of 
arginine in metabolism, it is interesting to determine the effect of ultrasonic 
waves on arginase and consequently on arginine. 

The purpose of these experiments was to determine the effects of ultrasonic 
waves (US) on arginase activity at different frequencies, energies and concen- 
trations, in atmospheres af air, oxygen and hydrogen at intervals up to one 
hour, and delayed effects at intervals of one day or more up to at least 21 days; 
also the effect on pH, total nitrogen, viscosity, agglomeration, and related 
phenomena, and to find, if possible, a reasonable explanation of the observed 
phenomena. In connection with this it was thought desirable to study cuanti- 
tatively the effects of simple mechanical agitation, under parallel conditions. 

Available US studies on enzymes and proteins are not so numerous as inves- 
tigations on non-protein high polymers. The latter differ widely in their beha- 
vior from most proteins and are relatively much more regular and consistent 
in their reactions. Among the enzymes, studies have been reviewed by Gra- 
bar (') on oxidase in fruit and milk, catalase, peroxidase, reductase and amy- 
lase, hyaluronidase, pepsin and cathepsin. In addition we have noted the 
following, most of them since the date of Grabar’s review: cholinesterase (*) , 
cytochrome c (*), pepsin (*), xanthinedehydrogenase (°), catalase (*), alkaline 
phosphatase (7), hyaluronidase (8), salivary amylase (*) and yeast invertase (}°). 
In general, all these have shown initial inhibition or activation, followed 
generally by definite inhibition depending on energy, frequency, duration of 
exposure, concentration, and other conditions not always specified with suffi- 
cient precision. 

Materials. Arginase from calf liver highly purified by a procedure des- 
cribed elsewhere (11), containing a small amount of catalase and traces of other 
impurities, and free ions of Mn and Co, at pH 6-7, was used, at activities (AU) 
from 15 to 52 as determined by the method of Mohamed and Greenberg (?*) . 
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MECHANICAL AGITATION 


Method. The apparatus consists of a wooden base to one end of which 
is hinged a vertical plank which is given reciprocating motion by a variable- 
speed motor mounted on the base together with a rheostat. The vertical plank 
has clasps to hold glass tubes of the same diameter as the cups of the US 
apparatus, 2.8 cm, into which 16 cc of the arginase solution were placed for each 
experiment, this being the same amount as that used in the US experiments. 
The surface of the solution moved through an arc of 5.6cm. Experiments 
were made at 40, 80 and 120 strokes per minute (s/m) and interrupted at 3, 
5, 15, 30, 60 and 90 minutes for duplicate assays of 0.1 cc at each interruption, 
for the experiments in air. Tests in hydrogen were run for 60 minutes with- 
out interruption, and alter having passed H, through the solution for 30 minu- 
tes in order to expel the air and other gases. The Oy, tests were made simply by 
bubbling the gas through the solution for 30 minutes without agitation. Tem- 
perature and pH (Beckman) were taken before and after each experiment. 

For delayed effects, many runs of three consecutive tests from the same 
stock were kept together in test tubes at 6° and assayed together at various 
intervals, after centrifuging, at the same time with the initial stock which 
served as control. 

Results. At 40s/m there was practically no surface agitation, at 80s/m 
agitation was moderate and at 120s/m violent with much foaming, similar to 
that in high-energy US treatment but of course without the geyser, In air there 
was a slight activation at 3 minutes at 40 and 80s/m, and no change at 120. 
In all cases this was followed by a loss of 5%, 7% and 8 % respectively at 30 
minutes, and little if any loss thereafter. But while the activities in air at 60 
minutes were 93%, 93 % and 92% at 40, 80 and 120s/m respectively, the 
corresponding activities in Hy, were 98 %, 98 % and 99%, while that of the 
solution through which O, had been passed was 87 %. 

In all cases temperature remained practically constant, at 22°. pH: at 
less than 80 strokes there was no significant change of pH; at 80 and 120 strokes 
the average pH rose from 6.65 to 6.82, but recovered within a few days. Phos- 
phate buffer at pH 6.8 showed no change after agitation for 120 minutes at 
120 strokes. 

Distilled water agitated for 120 minutes at 120 strokes was negative to tests 
for NOs;, and 

In no instance was there any visible turbidity at 60 minutes, but there 
was later some slight sedimentation in solutions treated at 80 and 120s/m. 

Measurements of delayed effects showed a bewildering variety in which it 
was not possible to find any consistent correlation with s/m, initial concentra- 
tion or atmosphere. In Table I are three fairly typical cases selected from 
more than 100, The striking feature in three of them is the partial recovery 
of activity after an interval of days, while one shows only inactivation. The one 
datum common to all is eventual inactivation. 

Discussion. The explanation of these phenomena is to be sought in the 
three new [actors in presence: thermal, mechanical, chemical. As there were 
no significant changes in temperature the thermal factor may be eliminated 
at once, Mechanical agitation, to be effective, must have been sufficiently 
violent to disrupt or distort the arginase molecule. This could occur only 
through the shock at the end of each stroke. At 40 and 80s/m this shock is 
very mild; at 120s/m it is stronger and more frequent, and may perhaps be 
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TABLE I 


Delayed effects of shaking at 120s/m; A and C in air, B and D in hydrogen, 
100 % = activity at end of run 


PERCENTAGE OF ACTIVITY 
Days 
A B Cc D 
3 69 91 76 87 
7 94 80 44 69 
14 75 90 84 56 
21 58 74 71 50 


operative to a very small extent. The really effective factor is suggested by the 
facts that (a) in an atmosphere of hydrogen the inactivation is almost negligli- 
ble at 60 minutes; (b) in an oxygen atmosphere the activity at 60 minutes is 
reduced to 87 %, and (c) the activities at 60 minutes in air are 92 % and 93 %. 
The conclusion seems inevitable that the observed inactivation is due to oxida- 
tion, the chemical factor. It may be that the slight inactivation in hydrogen is due 
to small amounts of oxygen remaining in the solution, and/or to mechanical 
shock either negatively on the active arginase molecule or positively by aiding 
the activation of proarginase through adjunction of free Mn or Co ions. 

No verifiable explanation of the erratic delayed effects, especially of the 
very frequent partial recoveries, is yet available. 


ULTRASONIC RADIATION 


Methods. The US apparatus employed was the Siemens “Universal Sonos- 
tat”, at a basic frequency of 0.8 megacycles (Mc) and at the third harmonic 
2.4Mc, and with a maximum of 52 watts delivered to the 10cm? emitting 
surface, i.e. 5.8 w/cm?. 16 cc of the arginase solution were placed in a glass cup 
of 35 cc volume, diameter 2.8 cm and height 6.0 cm with an electrolytic copper 
base 0.1 mm thick, at 5 cm from the applicator. Circulating water kept the tem- 
perature constant within 2 or 3 degrees. 

The energies used were 1.2, 2.4, 3.6 and 4.8 w/cm?, the frequencies 0.8 and 
2.4 Mc. For the early experiments in air, the cup was covered with a perforated 
cap which eliminated spattering but still permitted surface agitation. This 
necessitated the above study of the effects of simple surface agitation, the results 
of which were used for correction when necessary. Later the cup was left open 
for the first 2 % to 3 minutes, which allowed the escape of gases before serious 
surface agitation set in, and then, in order to suppress the surface agitation, it 
was closed with a floating cork until the end of the experiment. Radiation was 
stopped at intervals for the taking of assay samples. In another series of tests 
the air was replaced by hydrogen and the cups sealed. In the oxygen tests the 
air was replaced by hydrogen and the cups sealed. In the oxygen tests the gas 
was bubbled through the solution for 60 minutes. Assays in air were made at 
regular intervals up to 60 minutes. In the hydrogen tests, the runs were for 
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30 minutes without interruption, and for comparison similar uninterrupted 
runs were made in air. pH (Beckman) and viscosity (Ostwald) were measured 
before and after each run. Temperature was measured before, during, and after 
each series. 

Results. The results in air expressed in percentages of initial activity, are 
given in Fig. 1, and in He in Fig. 2. The outstanding conclusion is that in air 
there is a progressive inactivation uninterrupted by even transient recoveries 
such as occur with ionizing X-rays (!*). 

The inactivation is faster and more irregular during the first 10 minutes 
than after, The floating cork reduced to some extent the access of air to the 
solution and may have contributed to the retardation of the rate of inactivation 
evident after 10-15 minutes: but as the same retardation occurs in an atmosphere 
of hydrogen, the effect of closure appears to be negligible. Several series of 
tests were made at intervals of one minute for four minutes, At 0.8 Mc—4.8 
w/cm? the results were 96 %, 94 %, 90 % and 91 %. During the first few minu- 
tes the inactivation in both series was much more rapid, and the differences 
between observations reflected a state of relatively greater disorder. 

The experiments in an atmosphere of hydrogen were run at 0.8 Mc and 
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Fic. 1.— Inactivation of arginase by ultrasonic waves in air. The abscissa is time in minutes; 
the ordinate is activity in percentage of initial activity. The curves are as follows: 


Curve Mc-w /cm? Curve Mc-w/cm? 
A 0.8-1.2 E 2.4-1.2 
B 0.8-2.4 F 24-24 
Cc 0.8-3.6 G 24-48 
D 0.8-4.8 
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1.2, 2.4, 3.6 and 4.8 w/cm? for 30 minutes without interruption. The Hy, series 
gave 96 %, 83 %, 84 % and 77 % respectively, and the corresponding air series 
92 %, 80%, 74% and 67 %. That is: at each energy level the inactivation was 
considerably greater in air than in hydrogen. 

Influence of Energy and Frequency. Comparison of results at varying 
energies and constant frequency shows, as would be expected, accelerated rates 


AU 


60 
12 94 48 
Fic. 2.— Effect on arginase activity of 30 minutes US irradiation at 0.8 Mc, in air and in 
hydrogen. 
A... in air. 
H... in hydrogen. 


of inactivation with increasing energy. On the other hand, at corresponding 
energies the frequency 2.4 Mc inactivates less rapidly than the frequency 0.8 Mc., 
as shown in Fig. 1. 

Influence of Concentration. As shown in Table II, inactivation is progres- 
sively more rapid, at least after the first few minutes, as the initial activity is 
higher. 


TABLE II 


Influence of concentration on inactivation of arginase by ultrasonics, in air 


AUo | 2 3” | Vv | 1v 30° 60" 
15 | 96 97 95 | 9 95 87 71 57 
39 99 92 90 83 84 80 | 61 49 
53 | 95 96 95 89 82 74 60 40 


Effect on Viscosity. As shown in Table III, at the lower intensity 0.8 - 1.2 
there was no change in viscosity: at all other combinations the viscosity was 
lowered. Turbidity was increased very slightly, usually observable only in the 
microscope dark field. In no case was there precipitation. 
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TABLE III 


Effect of US irradiation on viscosity and pH of arginase in air 


VISCOSITY | pH IN AIR | pH IN He 

Mc-w/cm? —- 

0 min 60 min | 0 min 60 min | 0 min | 60 min 
0.8-1.2 | 1.050 | 1.050 | 7.35 7.35 
08-24 | 1.055 1.042 7.36 7.35 
0.8-3.6 1.060 1.050 6.07 6.12 
0.8-4.8 | 1.091 1.075 6.07 6.17 7.01 7.01 
0.8-4.8 | 6.83 7.00 | 
24-12 | 1.046 =| 1.042 6.84 6.62 
24-24 | | 6.76 6.52 
2.4-4.8 | 1.077 | 1.068 6.12 607 | 

| 


Effect on pH. Table III shows that at 0.8 Mc in air the pH was always 
higher at 60 minutes, while in hydrogen at 60 minutes there was no change. 
At 2.4 Mc in air the pH was considerably lower at the end of the 60 minute runs. 

Other Chemical Effects. ‘Tests for the formation of H,O, with catalase and 
with K,Cr,O; - ether gave negative results in both the air and the hydrogen 
series. This however does not prove that none was formed. Small amounts 
would have been destroyed by the catalase remaining in the solution and also 
by oxidation-reduction reactions with the proteins and with the Mn++ and 
Co++ ions present. Tests for total N showed no changue at 2.4-2.4 and 2.4-4.3 
in air with initial N at 0.52 mg/cc and 0.49 mg/cc respectively. Seven solutions 
were deproteinized and spot tested for NOz and NOs all with negative results. 
In the test for copper, distilled water and phosphate buffer pH 7.2 were irra- 
diated for two hours at 0.8-4.8: no trace of Cu++ was found. 

Reversibility. Attempts to restore activity in whole or in part with Mn 
and Co ions were unsuccessful. 

Delayed Effects. Changes in activity following cessation -of US irradiation 
and tested at intervals in 35 solutions were different for each solution and 
duration of exposure, whether in air on in hydrogen. Fig. 3 charts five averages 
drawn from 12 solutions covering a wide variety of initial conditions. From 
these curves four conclusions may be suggested: 1/ after irradiation inactivation 
continues, though at a lower rate; 2/ in the meantime the enzyme shows fre- 
quent partial and transient recoveries; 3/ there is no apparent correlation bet- 
ween the rates of delayed inactivation and the initial conditions, with the 
following exception; 4/ solutions irradiated in hydrogen inactivate further and 
more rapidly than the others, and with no recoveries. 

These observations raised the question whether the deterioration was due 
to production of some toxic substance during irradiation such as occurs with 
X-rays (7%). Completely inactivated US-irradiated arginase which had been kept 
for 6 months or more was added to untreated enzyme in the proportions 1/4, 1/2, 
1/9 and 3/2 respectively, keeping the concentration of 1 cc of arginase constant 
by raising the whole to 3 cc. Activities were determined after 24 hours at 6°. The 
results: 99%, 97%, 97 % and 106 % respectively, must be considered prac- 
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tically negative. The post-irradiation inactivation is not due to any newly 
formed chemical product. 

Discussion. What is the mechanism of the inactivation of arginase in 
solution by the application of US waves? There are four possibilities: 1/ ther- 
mal; 2/ chemical; 3/ mechanical; 4/ some combination of the these three. 

Thermal action. In these experiments the temperature never rose more 
than 3° above the initial 18° to 20°. The increase was usually about 2.5 to 3° 


y T T T T q 


40 20 3 40 50 60 120 170 
Fic. 3. — Delayed effects of US irradiation on arginase activity. In five instances, after stoppage 
of irradiation, Abscissa: days elapsed, Ordinate: %, activity; taking AU at end of irra- 
diation as 100 %. 


Curve Mc-w/cm? Minutes exposed 
A 24-44 15 min. in air 
B 2.4-5.2 120 min. in air 
Cc 2.4-24 60 min. in air 
D 2.4-5.2 120 min. in air 
E 1.2-4.8 60 min, in hydrogen 


and occurred within the first three minutes, after which variation did not 
exceed 1°, Within this temperature range such variations have no appreciable 
effect on arginase activity ('). 

Chemical action. The substances produced by US in aqueous solutions 
(leaving aside oxidations of simple organic and inorganic compounds) are 
reported to be —NOz, —NOs and H2O2 (¥:!*) and/or H2O radicals due to 
cavitation (117-18). If H,O,, an arginase inhibitor, were produced in these 
solutions it would have been destroyed at once by the small amounts of catalase 
remaining in them. A small amount of NH, ‘could be detected in the gases 
liberated during the first 2 or 3 minutes, and tests showed not more than 
doubtful traces of other nitrogen compounds; in any case they were certainly 
not sufficient to have a significant inhibitor effect. On the other hand the 
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very marked difference between the rates of inactivation in air and in hydrogen 
suggests that an oxidation of the enzyme has occurred, due to the production 
of OH through the action of cavitation. Arginase presents many —H and —N 
bonds exposed to chemical reactions. The resulting changes amount to a struc- 
tural alteration of the enzyme molecule rendering it inapt to combine effectively 
with the substrate. 

If the theory that the degree of cavitation is lowered with increase in 
frequency (and chemical action thereby decreased) is correct (1: 1% 2%), then we 
would expect inactivation to be less rapid at higher frequencies than at lower 
frequencies at the same w/cm*. We have seen that this is in fact what happens, 
and we have here a further presumption in favor of the cavitation-chemical 
mechanism, 

Mechanical action. The energy supplied by US may and probably does 
operate in any or all of the following ways: 

1/ Production of cavitation, with the chemical effects noted above. 

2/ Rupture of the enzyme molecule, a phenomenon which has been observ- 
ed by many protein investigators, and is indicated here by the lowered viscosity. 

3/ Distorsion of the molecule also indicated by the lowered viscosity: on 
the lock—and—key theory of enzyme action, any modification of the form of 
the molecule will result in total or partial failure of the catalytic reaction. In 
such a highly specific enzyme as arginase only a relatively slight distortion is 
needed. 

4/ The energy may be insufficient at first to disrupt or seriously distort the 
molecule and yet sufficient to weaken some of the many intramolecular and 
peripheral bonds, thus facilitating chemical reaction with the products due to 
cavitation (71; 

5/ Detachment of the Co and Mn activating ions. 

To sum up: The inactivation of arginase by ultrasonic radiation appears 
to be brought about in two ways. First, by chemical reaction with the products 
of cavitation, involving oxidation; and second, by mechanical alteration of the 
structure of the molecule. While the two mechanisms operate jointly and addi- 
tively, the chemical mechanism appears to predominate in an atmosphere of Oz 
while in hydrogen the mechanical action may be more important, although even 
in the absence of O, oxydation may be produced by cavitation and may there- 
fore be an additional chemical mechanism (?*) . 

Delayed effects. These considerations, while they account adequately for 
the phenomena observed during the process of irradiation, are not sufficient to 
explain the widely scattered results shown in the delayed effects. The continued 
inactivation is not due to any toxic substance; the precise sequence and extent 
of these phenomena seem in experience to be unpredictable and to vary with 
each individual. Present attempts at explanation would involve much specula- 
tion. Innumerable similar observations are reported in the biological and 
biochemical literature, and their elucidation is an urgent need. 


SUMMARY 


1. Mechanical agitation in air produces a slight activation of arginase in 
the first 3-4 minutes, followed by progressive inactivation reaching 7 % -8 % 
at 60 minutes. In an atmosphere of hydrogen there is no significant change in 
activity. This indicates that the inactivation in air is due to oxidation by the 
gas dissolved in the solution and in the air at the agitated surface. 
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2. Ultrasonic irradiation at frequencies 0.8 Mc and 2.4 Mc and energies 
of 1.2, 2.4, 3.6 and 4.8 watts/cm? inactivates arginase in air at an approximately 
exponential rate, more rapidly at first and more slowly thereafter, up to a loss 
in air of 55 % at 0.8 Mc and 46% at 4.8 w/cm and 60 minutes. At the same 
intensity the loss in air at 30 minutes is 37 % and in an atmosphere of hydro- 
gen, 23 %. 

3. The rate of inactivation increases with increasing energy and concen- 
tration and decreases with increasing frequency. 

4. Viscosity is lowered at all frequency-energy combinations in air, except 
at the lowest, 0.8-1.2. While turbidity developed during irradiation is slight, 
it increases and becomes visible a few days afterwards and eventually results in 
precipitation. 

5. At 0.8 Mc in air the pH is slightly increased; at 2.4 Mc it is decreased. 
In hydrogen at 0.8 Mc there is no change in pH. 

6. There is no evidence of the presence of H,O, or NO; and only slight 
indication of NH, during the first 2 or 3 minutes in air. No arginase-inhibiting 
substance was produced in the solution after cessation of irradiation. 

7. Temperature during exposure increased not more than 2°—3° from 
initial room temperature. 

8. These data indicate thet the inactivation of arginase by ultrasonic 
irradiation in an atmosphere of hydrogen is due almost entirely to mechanical 
action—disruption and distortion of the molecule, while in air there is in 
addition the chemical action of oxidation due to the production of OH radicals 
by cavitation in the aqueous solution. 

9. After cessation of irradiation inactivation continues but at unpredic- 
table rates, different with each solution, more slowly than during irradiation 
and often with transient partial recoveries. There is no clear correlation bet- 
ween subsequent history and initial intensities, concentrations or duration of 
exposures. 
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Combined effect of cardiac glycosides and low potassium on the iso- 
lated guinea pig heart and auricles. M. Penna, A. ILLANEs, F. Rivas ANb J. 
Marpontrs. (/nstituto de Farmacologia, Universidad de Chile). 


The effects produced by changes of the potassium concentration of the medium, either 
independently or associated with k-strophantoside, on the electrogram and the isotonic con- 
traction of isolated guinea pig auricles and on the electrogram of isolated guinea pig heart, 
were studied. 

The decrease of potassium concentration produced a constant increase of the amplitude 
of the contraction and arrhythmia in one fourth of the isolated auricles, and a constant enlar- 
gement of PQ interval and arrythmia in one third of the isolated hearts. 

K-strophanthoside (0,25 mg) produced an inconstant increase of the amplitude of the 
contraction of isolated auricles and arrhythmia in half of the auricular and in about one 
third of the isolated hearts electrograms. 

The effects of combined K-strophantoside and of low potassium on the rhythm of 
auricles and hearts are synergistic. (Arrhythmia in 34 of the auricles and in all of the hearts). 
However, the effect on the amplitude of the contraction of isolated auricles was not higher 
than the one obtained with low potassium Tyrode in the absence of glycoside. 


The effect of adrenaline and noradrenaline on the activity of dener- 
vated skeletal muscles. Antagonism between curare and adrenaline subs- 
tances, J. V. Luco anv P. SANcHEz. (Laboratorio de Neurofisiologia Gabriela 
Gildemeister, Universidad de Chile). 


In a previous paper of this laboratory (Luco and Sanchez, Acta Physiol. Lat. Amer.: 
6: 171; 1956) it was reported that facial denervated muscles give a contractile response to 
adrenaline injections. They also observed that these muscles show “spontaneous” activity and 
that it is increased by adrenaline. 

The present paper demonstrates that noradrenaline produces the same effect and that 
these muscles are even more sensitive to this drug. 

The electrical activity was also studied: Adrenaline and noradrenaline produce an increase 
of the electrical activity of denervated muscles for a very short period. Then it decreases the 
activity and one or two minutes later a prolonged increase is observed. In many instances, 
the last stage is characterized by trains of synchronized spikes. The effect lasts for several 
minutes and it has a temporal course similar to the “spontaneous” contractile activity seen 
after adrenergic substances. 

The contractile effect of curare (McIntyre, A. R.; King, E. E. and Dunn, A. L. J. 
Neurophysiol: 8: 297; 1945) is accompanied by an increase of the electrical activity, followed 
by a decrease. Curare blocks the contractile response produced by adrenaline and noradrenaline. 
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Mechanism of action of the antidiuretic hormone. Studies of the effects 
of combined administration of acetolamide and pitressin. M. SAPAG AND 
M. Canessa. (Cdtedra de Bioquimica Clinica, Escuela de Quimica y Farmacia, 
Universidad de Chile). 


Some aspects of the mechanism of action of antidiuretic hormones were evidenced study- 
ing simultaneously the osmolar clearance, the free-water clearance, free-water reabsorption 
and the isoosmotic reabsorption of water and solutes in normal subjects under the combined 
action of acetazolamide and Pitressin. 

At the same time the electrolites, the acid base equilibria of urine and plasma, and the 
glomerular filtration rate of water and solutes were studied. 

It was seen that pitressin promoted a parallel reabsorption of water and solutes, as shown 
specially by sodium, phosphates, bicarbonates and chlorides. The hormone did not influence 
the inhibition in the production of H* and NH: provoked by acetazolamide, nevertheless it 
reestablished BHCO, and B,HPO, reabsorption. These findings suggest that Pitressin may act 
at the level of another enzymatic system of the distal tubule in a close relationship to the 
active substraction of solutes at this site. 


Influence of oral administration of thyroid powder on the voluntary 
alcohol intake by rats. RAFAEL Prieto, ANiBAL VARELA AND JORGE MARDONES. 
(Instituto de Farmacologia, Instituto de Investigaciones sobre Alcoholismo, Uni- 
versidad de Chile). 


Twenty one rats, 12 males and 9 females, from the “non drinking” substrain of the “Instituto 
de Educacién Fisica of the Universidad de Chile” fed with stock diet and exhibiting a basal 
voluntary alcohol intake lower than 0,15 ml/100g body weight/day of 95 % alcohol, were 
given the same diet containing 0.5 % of thyroid powder during three weeks. The alcohol 
intake increased from a basal level of 0,05 + 0,007 to 0,.22+ 0,06 during the third week of 
thyroid treatment. This increase is significant at the 2% level. After returning to basal 
diet the alcohol intake decreased rapidly to a level significantly different from the basal one. 

Three female rats of the same stock exhibited a higher basal voluntary alcohol intake, 
namely 0,23, 0,25, and 0,66 m1/100 g body weight/day. During the second and third week of 
thyroid treatment, the voluntary alcohol intake increased to 0,27, 0,57 and 1,20 respectively. 

All the 24 rats increased their fluid intake during thyroid treatment to about the double 
of the basal consumption, ana after returning to the stock diet, they decreased it reaching the 
normal level on the second week. 

The body weight decreased during thyroid treatment in 8,9+ 1,2 %. These results on 
the changes in the alcohol intake are not in agreement with those reported by Richter (Endo- 
crinology 59: 472, 1956). 


Comparative study of the effects of bled and phenylhydrazine treated 
rabbits’ plasma on iron metabolism. G. Hopcson, I. Eskucne, D. YupmLevicn, 
P. HERNANDEZ AND J. TouA, (Seccidn Bioldgica, Laboratorio de Fisica Nuclear 
Pura y Aplicada, Universidad de Chile). 


Plasma obtained from phenylhydrazine treated rabbits markedly increases plasma iron 
turnover. The supernatant obtained after boiling this plasma, conserves its effect on iron 
turnover. 

Bled rabbit’s plasma does not affect iron turnover, but has a clear cut lowering effect on 
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plasma iron. Dialyzed plasma of bled rabbits however, increases plasma iron turnover, while 
acetone extracts of bled rabbits’ plasma, significantly depress plasma iron and plasma iron 
turnover. 

The fraction of Fe® appearing in the red cells at 24 and 48hrs. is increased by normal 
plasma, bled rabbits’ plasma, phenylhydrazine trated rabbits’ plasma and is not a good index 
of the state of erythropoiesis. 

Analysis of the effect of anemic rabbits’ plasma on iron metabolism as studied with 
tracer doses of Fe® gives valuable information on the factor controlling iron metabolism and 
presents a practical method for the bio-assay of the plasma erythropoietic factor “Hemo- 
poietine”. 


July 23, 1957 


Effects of the absence of calcium alone or associated to cardiac gly- 
cosides, histamine or epinephrine on isolated heart preparations. Mario 
PENNA, ALEJANDRO ILLANES, RAFAEL VEGA AND JORGE MARDpones. (Instituto de 
Farmacologia, Escuela de Medicina, Universidad de Chile). 

The changes of the amplitude of contraction and of the electrogram of isolated guinea 
pig hearts and auricles produced by the absence of calcium in the medium were studied. 

In both preparations the change of the medium for one without calcium stopped the 
contraction, but the electrogram persisted with unchanged frequency. In the isolated heart, 
QT time was enlarged. When the perfusion without calcium lasted longer than 3 minutes 
after the dissapearing of the contraction, the rhythm was always altered and in one case 
fibrillation appeared. The restoration of the calcium content of the medium in both prepa- 
rations restored the amplitude of the contractions and the altered rhythm. 

The addition of lanatoside C (1 —1.5 x 10-*mM/1) to isolated auricles bathed in Tyrode 
solution without calcium did not restore the amplitude of the contraction. In the same condi- 
tions, histamine (0,5—1mM/1) partially (169+8%) and epinephrine (1 x 10-*mM/1) 
almost completely restored (72 + 23 %) the amplitude of the contraction. The last two subs- 
tances also showed a positive chronotropic action. 


Action of syntocinon on the excretion of water, sodium and potassium 
in rats treated with acetazolamide. E. LABarca, H. Croxatro. (Laboratorio de 
Fisiologia, Instituto Pedagégico. Universidad de Chile). 


Modulation of spindle discharges during motor stimulation. CARLOs 
EyzaGuirre. (Laboratory of Neurophysiology, Catholic University of Chile}. 
(Aided by grants from the Rockefeller Foundation and the Fundacion Gilde- 
meister). 


Modulation of sensory discharges during centrifugal spindle activation was studied in 
toads. Single nerve fibres were stimulated in the ventral roots and sensory discharges recorded 
from single dorsal root fibres. Muscles were critically curarized in order to avoid extrafusal 
mechanical effects. 

During the rising phase of an intrafusal twitch and at the beginning of intrafusal tetani 
a dynamic effect is observed. Static effects are observed a few seconds after the onset of 
tetanic contractions. Stimulation of the slow intrafusals produce static effects exclusively. 
Dynamic and static effects refer to the sensory acceleration patterns. Also, sensory discharges 
can be facilitated by adjusting the basal resting tension and the number of efferent motor 
stimuli. After prolonged stimulation the frequency of the sensory discharges declines presu- 
mably due to infrafusal fatigue. 

The sensory discharges can be “driven” at frequencies which are identical to that of 
the delivered efferent impulses. This phenomenon was obtained only during stimulation of the 
fast intrafusals and it is probably produced by discrete oscillations of the intrafusal fibres 
even at high stimulating frequencies. 
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Simultaneous activation of fast and slow intrafusal systems produces sensory frequency 
changes which are not significantly different from changes obtained after independent stimu- 
lation of the systems. This occlusion is also produced by combined stimulation of several large 
or small axons. This phenomenon is interpreted as being produced by multiple polyneural 
innervation of single intrafusal fibre and by 'vanching of the sensory libres which may supply 
more than one intrafusal bundle. 

Efferent pulses to the fast intrafusal fibres determine a short sensory burst followed by 
a pause of the sensory discharger. This effect is blocked by increasing the resting tension or 
by simultaneous activation of the slow intrafusals. 

The fast and slow intrafusal junctions are more resistant to the action of curare than 
their extrafusal counterpart. ; 

It is concluded that many features of central reflexes are also present at the peripheral 
level. This fact may be of interest in the understanding of the servomechanisms responsible 
for posture regulation. 


August 13, 1957 


Evolution in the mesophragmatic group of the drosophilus genus. 
TD. Brncic AND S. Korerr. (Instituto de Biologia “Juan Noé”’, Universidad de 
Chile). 


September 10, 1957 


Physiologic adaptation to amphybiosis in syciases sanguineus. F. VARGAS 
AND I. Concna. (Centro de Investigaciones Zoologicas, Universidad de Chile). 


Action of synthetic oxcytocin on urinary sodium and water excretion. 
F. Rozas, H. Croxatro AND NAVARRETE, (Laboratorio de Fisiologia, Univer- 
sidad Catoiica). 


October 8, 1957 


Action of potassium on electroplates of “Electrophorus electricus’”. M. AL- 
TAMIRANO. (Physiology Department Columbia University). 


Variations in nucleic acid content of liver spleen and kidney of 
sarcoma bearing rats. M. PLaza pe Los Reyes, P. Matus, N. PEREz AND P. 
Ruiz. (Instituto de Quimica Fisiolégica y Patolégica. Universidad de Chile). 


October 22, 1957 


Effects of “Hemopoietine” on iron turnover in fasted animals. G. Honc- 
son, D. YupiLevicn, M. Perreta AND I, Eskucue, (Seccién Bioldgica, Laboratorio 
de Fisica Nuclear Pura y Aplicada, Universidad de Chile). 


The plasma iron turnover in rabbits fasted for four days, drops to 511 ug/Ir (Normal 
106 ug/h) and the % of Fe® in erythrocytes at 24 hrs. in these animals diminishes from 43 % 
to 12,5 %. Injection of extracts of boiled plasma from phenylhydrazine treated rabbits 
(“Hemopoietine”) increases plasma iron turnover and Fe uptake in erythrocytes to normal 
values. In rats fasted for 4 days injections of similar extracts increases Fe™ in erythrocytes 
(at 20\hrs.) from 5 % to 38 %. 

The use of animals as a bio-assays for hemopoietine is discussed. 


Renin potency of rats with high blood pressure due to D.O.C.A. adminis- 
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tration. H. Croxatro ANp T. Biamey. (Laboratorio de Fisiologia, Universidad 
de Chile). 


November 12, 1957 


The effect of procaine and decamethonium on the contractile response 
to adrenaline and nor-adrenaline of denervated skeletal muscles. J. ZIELE- 
NIEWIcz, P. VENTURA-JUNCA, N. Mimica ANp E. Rios, (Laboratorio de Neuro- 
fisiologia “Gabriela G. Gildmeister’, Universidad Catolica) 


The blocking effect of d-Tubocurarine on the adrenaline and nor-adrenaline contractile 
response of denervated skeletal muscles (Luco and Sanchez, International Symposium of 
Curare, in press), suggested the possibility that other cholinergic blocking agents might have 
the same effect. 

Unselected adult cats were used. The facial nerve of one side was aseptically severed 
from 8-10 days before the experiment. The superior cervical ganglion and the adrenal glands 
were acutely removed. The movement of denervated ear were recorded on a kymograph by 
isotonic heart level. The drugs: adrenaline, nor-adrenaline (Winthrop), decamethonium (Syn- 
curine, Burroughs Wellcome & Co.) and procaine (Winthrop), were administrated into the 
carotid artery of the same side. 

The doses of adrerfaline and nor-adrenaline that elicited 40 to 50% of the maximal 
response were used (from 0,25 to 2,5 micrograms). Once the response was regular, the blocking 
agents were injected intra-arterially. The contractile responses due to adrenaline and nor- 
adrenaline were blocked for some minutes by a previous administration of procaine (from 2 
to 10mg) and decamethonium (from 5 to 10 micrograms). Procaine also diminished the spon- 
taneous activity of denervated muscles. 


November 26, 1957 


Effects of oxytocin on high blood pressure produced by D.O.C.A. in rats. 
H. Croxatro ANp G. BustAMANTE. (Laboratorio de Fisiologia, Universidad 
Catolica). 


Acute intoxication with polycyclic hydrocarbon carcurogens. P. SHUBIK 
AND G. DELLA Porta. (Department of Oncology, Chicago Medical School). 
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June 12, 1958 


Tumors of the ovary grafted in the spleen and progesterone. FE. Frts. 
(Instituto de Maternidad “Prof. Dr. A, Peralta Ramos”, Buenos Aires. 


The effect of progesterone on the tumors of the ovary grafted in the spleen has been 
studied, proving that this hormone has no action on the tumor. This negative effect of the 
progesterone in open contrast with the results obtained when employing estrogens and andro- 
gens, can be explained because this hormone cannot suppress or restrain the gonadotrophin 
function of the hypophysis, which is responsible for the formation and growth of the tumors. 


Isolation and purification of yeast fumarase. G. FAveLukrs y A. QO. M. 
StTopPANI. (Instituto de Quimica Bioldgica, Facultad de Ciencias Médicas de 
Buenos Aires). 


By autolysis of baker's yeast acetone powder in neutral phosphate buffer, cell free, non- 
particulate preparations of fumarase can be obtained. The crude extracts can be purified 
about 12 times by treatment with calcium phosphate gel and succesive precipitations with 
ammonium sulphate, acetone and ammonium sulphate. Baker's yeast fumarase has the follow- 
ing properties: a) is stable at pH 7, b) inactivates irreversibly at pH below 6 or above 9; 
) precipitates between 40 and 60 % saturation with respect to ammonium sulphate and with 
acetone between 38 and 50% (v/v) at pH 7.0, and d) at low ionic strenght is selectively 
absorbed by calcium phosphate and alumina gels. 


Diego blood factor investigated in indians of the “Quebrada de Huma- 
huaca”. J. L. Scaro. (Instituto de Biologia de la Altura. Universidad Nacional 
de Tucuman. § S. de Jujuy). 


Diego blood factor was investigated in a group of 74 scantily mixed quechua indians 
living in the Quebrada de Humahuaca (Northeast-Argentina). 2.7% cent of positive cases 
was found. Simultaneous determinations of 0 and Rh groups showed 98.7 and 100 yer cent, 
respectively, of positive cases. 


Water absorption in the toad’s bladder. JuLIA UrRANGA G. QUINTANA. 
(Instituto de Biologia y Medicina Experimental, Costa Rica 4185, Buenos Aires). 


Water volume reabsorbed in two hours in the toad’s bladder was measured. 
1) Well hydrated toads reabsorbed 2.8 + 0.3 ml of the water stored in their bladder. 
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2) Dehydrated toads, who had lost 11+0.9 % of their weight reabsorbed 5.5 + 0.4 ml 
of water. 

3) Vasopressin and toad’s neurohypophysis increase the absorption of the water contained 
in the bladder, but oxytocin has no effect. 

4) No reabsorption of water was observed in the isolated bladder. 

5) Toads with water in their bladder lived longer in a hypertonic solution than toads 
with an empty bladder. 


July 3, 1958 


Action of piribenzamine on the circulating eosinophils of the guinea 
pig. J. L. Scaro, E. Steme y H. Cuiopt. (/nstituto de Biologia de la Altura, 
Universidad Nacional de Tucuman, S. 8. de Jujuy, Argentina). 


Piribenzamine injected intraperitoneally to guinea pigs, produced in a four hour period, 
a significant fall of the circulating easinophils, but without any change in the ascorbic acid 
content of the adrenals. ‘hyroidectomy prevented the eosinophilopenic reaction of the piri- 
benzamine but not that of the ACTH. The injection of 3-5-3’ triiodothyronine restored 
eosinophilopenic reaction abolished by thyroidectomy. 


Toxicity of dichlorodiphenyldichloroethane (D.D.D.) in the rat. N. ]- 
Caruisky, (Instituto de Biologia y Medicina Experimental). (Instituto de Fisio- 
logia de la Facultad de Ciencias Médicas). 


The toxicity of D.D.D. has been studied with white female adult rats, previously kept 
fasting during 24 hours. Then one group was kept fasting 84 hours more, while another group 
was fed “ad libitum”. The values of D.L. 50, established directly through experimentation, 
were of 500mg per 100g weight in the first and the second group. The values of D.L. 
100 were 1000 mg per 100 g weight for the group that had been kept fasting and 1250 mg 
per 100g weight for the rats fed “ad libitum”. After 84 hours, all the. rats that had been 
kept fasting, to whom 500mg (or more) per 100g weight were administered. died, while in 
the other group of rats (that had been fed “ad libitum”) no death was recorded subsequently 
among those animals that had survived after the said period. 


Reabsorption of water in the toad’s kidney. JULIA URANGa. (Instituto de 
Biologia y Medicina Experimental, Costa Rica 4185, Buenos Aires). 


The inulin clearance in the toad was measured, studying the possible modifications pro- 
duced by the activity of vasopressin and neurointermediate lobe. 

1) No alteration in the glomerular filtration rate was observed by the action of these 
hormones. 


2) The glomerular filtrate was higher in Summer than in Winter.. 
3) No sexual difference was observed. 
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Electron microscopy of the pancreas in the alloxan diabetes of the rat. 
P. E. Lacy y A. F. Carpeza. (Departamento de Patologia, Universidad de Wash- 
ington, St. Louis, Missouri, EE. UU.) 


The electron microscopic study of the islets of Langerhans of Wistar male rats injected 
intravenously with 50 mg of alloxan per kg of body weight, was carried out. 

The animals were fasted during 65 hours and were killed 5, 15, 30 minutes, 1, 2, 4, 8, 
24 hours, 4, 7 and 9 days after the injection. 

Numerous agranular cells were observed at the periphery of the islets in the control 
vats. These cells were not found in normal fed rats. 

Five minutes after alloxan administration, numerous vacuoles were observed in the cyto- 
plasm of some beta cells. They originated from the ergastoplasmic membranous sacs. Vacuo- 
lization of beta cells are progressive and at 24 hours almost all the beta cells become necrotic. 
Numerous macrophages appear into the islets phagocytizing debris of necrotic cells. Normal 
secretory beta granules are still present in the necrotic cells and also in the phagocytized 
debris into the macrophages. 

The cytoplasm of the capillary endothelium is thicker than normal and show finger-like 
projections extending through the capillary lumen. The islets of diabetic rats between 4 and 
9 days are composed by alpha cells in their majority and small number of degranullated beta 
cells. The acinar cells at this time contain numerous lipid droplets in their cytoplasm. 


Study of sexual chromatine in malignant neoplasms of the male breast. 
EUGENIA SACERDOTE DE LustTiG (Instituto de Oncologia “Angel H. Roffo’’). 
BEATRIZ GARCIA TUNON DE Poco (Instituto de Anatomia General y Embriologia, 
Facultad de Ciencias Médicas, Buenos Aires). 


The sexual characteristics of the nuclei of 6 malignant neoplasms of the male breast have 
been studied. All the tumours show sexual chromatin within the limits which belong to the 
sex of the patients x = 3,45 % + 0.22, there existing no relation between the clinical malig- 
nacy and the appearance of its anomalies. 
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